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"Concerning tllis Third Edition. 


Ltbough this little Book was a part 
of the Diverſion of my Juvenile 
Tears, and drawn up when I was 

Loung, and afterwards twice Publiſhed, yet 

having been for ſome time ſcarce, and much 

alled for, I have reviewed it for a Third 
mprefſion. Neither do Ithink it unbecom. 
vo my Riper Tears, or my Profeſſion to do ſo, 

y reaſon it bath done ſome, not mnconfide- 

able, Good in the World, not only among 

ve Clock Makers, and their poor Appren- 
ces, but alſo among many Gentlemen and 
bers, that delight in Mechanical Studies 

A Exerciſes: To whom it hath been an 

No cent and vertuous Diverſion. 

Upon this Review (the laſ I ſhall ever 

ae) I have thongbt it neceſſary to make 

ny, and conſiderable Alterations : Of which 

ap ould have given a Lift, in Fuſtice to the 

87 chaſers of the former Editions (as I 

d in the ſecond Impreſſion ) bnt that it is 
moſt 1mpoſuble. For all the Supplement 
the Second Edition, ſo far as Ithought 

A 2 Sa 


5 


* 


it might be of uſe, is thrown into proper 
Places of ths Wel it fe, and * 1 
things are expunged, ſo many added, df 4 
many amended, that the Booł ir in a man- 
ner New. Co that could. Þ have given the 
particulars of the Alterations, yet no Pur- 

- Chaſer of the former Editions would think | 
it worth bis while to tranſcribe them, but 
rather buy the Book a new, fince it 15 ren- 4 
dered, T hope, mare compleat , aud tbe 
Purchaſe is but [mall. ee. 10. j 
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THE 
REFACE. 


"HE following Book. was at firſt 
| drawn up in a rude manner, on- 
\ Wy to pleaſe my ſelf; and divert the va- 
ant hours of a Solitary Country Life. 
Hut it is now publiſhed, purely in hopes 
of its doing ſome good in the World 
among ſuch, . whoſe Genius and Lei- 
ſbre lead them to Mechanical Stud ies, 
or thoſe whoſe buſineſs and livelihood 
18... . A 11 441 EA EY; 
Many there are, whoſe fault or 
alamity it is, to have time lying upon 
heir hands; and for want of innocent, 
No betake themſelves to hurtful Pleaſures. 
his is the too common misfortune of 
me Gentlemen. Among ſome; of the 
ooſer fort of which, if this Book ſhall 
nd acceptance, it may be a means to 
Wompoſe their rambling Spirits; and 
an innocent guile, initiate them in 
ther Stud ies, of greater uſe to themſelves, 
Nei Family, and Country. However, 
Wt may hinder their commiſſion f 
| A3 many 
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many fins, which are the effects of idle. * 


nels... ES 


It there be any — A en : 


theſe good effects are produced, I ſhall 
think my idle hours well beflowed, | 
and bleſs God for it. However, up. 
on the account of the innocence of m 
end in publiſhing | this Book, and T7 
it was written only as the harrhleſs (Iz 
may add alſo the vertuous) ſport offi 
leifure hours; I think my ſelf excuſable 
to God and the World, for the ex- 
Pence of ſo much time, in a | ſubject] 
different from my Profeſſion; > : 7 
But beſides, I think there are ſome] 
little obligations of Juſtice and Charity 
lying upon me to publiſh the enſuing] 
Papers for the fake of thoſe, whoſe! 


bufineſs the-Mechanical part is. I take| Fe 


it to be a Charity to the Trade; be- 
cauſe: there are many (altho excellent 
in the Working-part) who are utterly| 
unskilled in the "Artificial part of it. 
And then it is a debt I pay: becauſe I 
owe ſomewhat'of health, as well as di. 
verſion to the Study, and Practice ot 
this ſort of Mechanicks.” And the beftif 
requital I can make for my treſpaſs, is 
to publiſh what I have had better op- 
portunities perhaps of Farming than 
many Workmen have. 
And further yet, there i is another 
reaſoy, which much Prevailed with 
me 


pf 
pf 
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* 4 


hy 
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Ar | 


" af 


* 


. ace. 5 


ne to peng this Book, viz. Becauſe 
ho body, that 1 know of, hath pre- 
m l ented me, by treating ſo plainly and 
Wl | ntelligibly of this ſubject, as to be un- 
q, lerſtood by a Vulgar Workman. L have 
p- Wpiten wondered dt it, that fo uſeful 

nd delightful a art of Mechanical 
Th Wlathemeticks ſhould lie in any obſcu- 
off 


ity, in an age wherein ſuch noble im- 
rroyements. have' been made therein, 


Tel nd when many Books are daily pub- 
X- iſhed upon every ſubject. 112 here 
df this Art remaining in obſcur ity 3 


ot as if nothing was ever written of it, 
nd I the Inventer of Automatical Com- 
Watation. 
But altho I cannot has the 955 | 
df being the firſt Writer upon this ſub- 
| T2 yet very few have as yet done 1t; 
of 011 1 mall next Side l ſome ge- 
punt. :. 
yl Cardan, Rivcher: ani? Seothus Prom 
Wt but 1 do not find they ever '\publiſh- 
0 q d an 110 to the purpaſe of it. Our 


1 Feat ol Ongbtred1 take, to be the fic 
ver 7355 wa a"; Þ 1 abdqt 
. culation of And 1 


fl ee be wis che ett Eibe brolght 


* hat Art under Rules, in his little Trea- 
wal ſe called Automata. Which was firſt 


Arregtitioufly publiſhed in Eliſß in 
Little By 1 1853 called Horgl Dial wes, 


hee 1615; * A cotta far 


oh mee 


48 py 
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more compleatl) y in 17155 at the Theatre 
in ) ron, among, Mr Dupe: 25 Na # 
Anke in the. year 1677. & 

1 Wie, 1 r Ong Wi oy 5 ; 


Sit Fon 1155 with 1 b off 
W 19 755% ö 
end, and fince him, r. TA 
nes Pleaſure with Prof.” 1 10 
„ hope mall got be judged to havel 
 tranſgiefſed, the Rules of een l j 
comng alter theſe men; neither ſhouldſ 
I venture that cenſure, but fo or. two. rea. 
ſons, One 1 15 Ffind by. ae 4hatf 
what 1 Wo written, is under ſtood 
by very few orkmev, and therefore | 
have endeayol red, With {all induſtry, 
to make the matter as plain as I. C0 a 
Mr ſuch. 10 Nad reaſon,” Lip e.thel 
more learned Reader will excuſe my 
uſing many eng aeg ng would 
hays oy. his t HOP, 8 that L have 
.condeſcended to, low. t Land 10 
him needleſs) as. teaching ie Golden 
rule, e. The, other , reaſon is, tha 
what: 315 three hae written, relate 
only, or chiefly. ta the Watch. part 
e which I have 47 Region other) 
ings, of. we 7 Ei V tha 
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Moles. And to name no more, the 
Hiſtorical Frith not been ſo much 
as at temp. eck before, that F know! of. 
s Theſe Reafong will, Fhope, excuſe 


s, me with the maſt cenſorions Reader, 
n- Mot only for preſuming to write after 
an o accurate a piece, as Mr. Onghtred's 
of Ws; but alſo the Novelty of the ſub- 
tb. ct, will T hope procure for me a can- 
u, id interpretation of the faults that I 
nay have unwittingly committed. _ 
we To the preceding accoubt of what 
in Mothers have written (which ſhews what 
1d]Wielp 1 haye hid from Printed Books) 
ea. ſhall ſqbjoyn my _acknowledgments, 
iat and thanks to the principal of my 


friends, who have given me their aſſi 
ance incompiling ſome parts of this Book. 
But their names 1 ſhall- not make more 


IMpublick than oxy own; being unwilling 
che to de diſcovered my HF. © Th the Chip. 
myMot the Terms of Arr, I owe much to the 
uld i fiftance of Mr. L. Br. .. a judicious 
ave Workman in Fanchurch- Areet, who drew 
to me up a Scheme of the Clock - makers 
en Language. In the Hiſtory of the Mo- 
haWdern Inventions, 1 have had (among 
ate ome others) the aſſiſtance of the inge. 
arti ious Dr. H. „and Mr. T. : The 
heiormer being the Author of ſome, and 
the 


well Scquainted with others; of the Me- 
chanical Inventions of that fertile Reigh 
of King Chr the II. and ithe latter, 
I | actually 
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actually concerned in all, or moſt of 
the late inventions in Clock: work, 17 
means of his famed skill in that, and 
other Mechanical operations. 
There are ſome other Conrirunces i 
of this laſt age (b:ſides thoſe I have \ 
mentioned) which | have paſſed over 
in ſilence; becauſe. either they are 
only branches, or improvements ot 1 . 
the inventions I have, taken notice of, 
(l uch as ſeveral ways of eee 
Ec.) or elſe, they only collaterally | 
relate to Watch-work as the inventions 
of ry FRE which was Dr Hook 94 1 
Faſy-Ergines, and others, which: re | 4 
never the ught. of till towards the en 
K. Charles the IFs. ei To x. | 
of all theſe, would ſwell my Book far | 
beyond its intended 3 which [| 19 3 
have already ſomewhat. exceeded. 
ſhall therefore commit this task to forme | 
detter Pen, hoping that no perſon will 
take it amiſs, that I have not mentioned 
his Inventions which I have been behold - I 
en to him for the relation of... & | 
Fo the.reaſons 1a mentioned, Ih have 4 
allo left out of my Book, a Chapter of 
the Art of making, and uf uſing many q 
ſorts of Sodders, "the 5 of colouring ; 
Metals, Ec. uſeful in the practice of 
Clockwork. This I had prepared for 
the fake of Mercutial i bee 12 
t 


Auen printing it, and ſome 9 
thi ings 
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Things, out of Charity to poor — 

| | yo) other Workmen, — 

am unwilling my Volume ſhould — 
nuch exceed. 

8 1 If 1 have at any time invaded the 

e Workman's province, it was not becauſe 


Y 
A 
d 


r pretended to teach him his Trade; 

te | ut either for Gentlemen's ſakes, or 
7 hen the matter led me cr to 
kj ive nothing more to add, but that 


y WW would have this little Treatiſe looked 
as ppon only as an effay, which I hope 
"| ill prompt ſome more able Uudertakee 


Mo perform the task better, | eſpecially in 
he Hiſtoricab part. For ſince Watch 
vork oweth ſo much to our Age, and 
ountry, tis pity that it mould not 

e remembred: eſpecially when we 
ale but lament the great defect of 
Liſtory, about the beginning and 1m> 
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The Artificial 
FLOCKMAKER. 


CHAP. I. 


WF the Terms of Art, or Names 
which the Parts of an 
Automaton are called. 


„ben I is neceſſary that I ſhould ſhew 
re the meaning of the Terms which 
Clock-makers uſe, that G-ntle- 
n and others, unskilful in the Art, 
know how to expreſs themſelves 
i perly, in ſpeaking; and alſo un- ; 
ſtand what I ſhall fay in the follows 
Book. © | | 
call not trouble the Reader with a 
Wal of every Name that doth occur, 
We only ſuch as I ſhall have occaſion - 
ſe in the following diſcourſe, and 
te few others that offer themſelves, 
| B uon 


Explication of the Ch. I. J 


upon a tranſient _view of a Piece of } 
Work. 

I begin with the more general | 
Terms: as, the Frame; . which is that F 
which contains the Wheels, and the 
reſt. of the Work, The Pillars and 
Plates, are what it chiefly confiſts bf. 1 

Next for the Main- Spring, ànd its wil # 

urtenances. That which the Spring 26 ö 
ies in, is the Spring -· box: that which tha 
Spring laps about, in the middle of 
the Spring: box, *. b pring- A: bor 
to which the Spr oked at on 
end. At the — "7 the Spring-Arboi 
is the Endleſs Screw, and its Wheel: \but 
in Spring-Clocks it is à Ratchet. wh: 
with its Click (that tops it.) 

That which the Main-S ring drawe 1 
and about which the Chain or Stringer 
is wrapped, and which is common 
taper, is the Fuſy, In larger work, goiniſ* 
with weights, where it 1s cylindric: : 

[el 
1 


| 
1 


It is called the Barrel: The ſm ai 
Teeth at the Bottom of the Full 
or Barrel, that ſtop it in windill 
- up, is. the Ratchet, "That which ſto 
it when wound up, and is for that el 
driven "mp by the String, is the Garll 
gut. 
The parts of a Wheel are, the Hall 
or Rim : the Teeth : the Croſs: and 
Collet, or piece of Braſs, Toddered | 


the Arbor, or Spindle, on which 9 
Wheel 1s rivetted, 


4 


C 
th 


LIV. I. Term ef Art. 


A Pinion ij that little Wheel, which 

15 in th 2 "Teeth of the Wheel. Its 
eeth (which are commonly 4, 5, 6, 8, 

Se.) 100 called Lees, not Teeth. 

The ends of the Spindle, are called 
ele, the holes in which. they run 
vot · holes.” 
ab The guttered \ Wheel, with Iron ſpikes 
1 Fat the bottom, in which the line of or- 
nate Houſc- Clocks doth run, is called 
the Pull. 

I need not ſpeak of the Dial. Plate, the 
Hand, Screbs, Wt eas, Stops, fc, 

Thus much "for. * general Names, 
„ch are common to all parts of a 
Movement. 

The moſt uſual Movements are 
Watches and Clocks. Watches ſtrictly 
taken, are all ſuch Movements as ſhew \ 
the parts of Time: and Clocks are ſuch | 
2s, publiſh it, by. ſtriking on a Bell, 
Wc. But commonly the name of Watches 
C's appropriated to ſuch as are carried in | 
Fuff the Pocket; and that of Clock to the 
nil WWarger Movements, whither they ſtrike 
& the Hour or no. 48 for Watches which 
„„ tirixe the, Hour, they; are called Popket- 


t ell 
Gall locks, 


r 


H call confider, are * Watch, and 
P Clock part. 

4 i Pp 

00. The Patch part of Werbe 's 
en that which elde * 7 1 meaſuring the 
en Fours 


The parts of a Movement, which 
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Explicarion of the Ch. I. 1 
Hours. In which che firſt thing L hall 
conſider is the Balance : whole parts 
are, the Rim, which is the circular 
part of it: the Vergs, is its Spindle: b/ 1 
to which belong the two Pallets, or 
Leves which play in the teeth of che 
Crown Wheel: in Pocket Watches, 
that ſtrong Stud in which the lower | 
Pivot of the Verge plays, and in the 4 1 
middle of which one Pivot of the 
Balance wheel plays is called the Fot. 3 
tance vulgarly, I fuppoſe for Potence (it if 
being ſtrong or Portance, as Dr. Hock 
calls it in his Helioſcop. . 10, The 
bottom of this is called the Foot; the 
middle part * which the Pivot of the 

Balance: wheel turns) is called the Noſe, ü 
the upper. part, the Shoulder of the Por- WF! 
tance. The piece which covers the Ba. 
lance, and in which the upper Pivot of 
the Balance plays, is the Cock. The 

ſmall Spring in the new Pocket: Watches 

underneath the Balance, is the nevi 4 
or Pendulum: Spring, LY 
The parts of a Pendulum are, the Verge, © 
Pallets and Cocks, as before. The Bal 1 
in long Peadulias, the Bob in ſhort | 
ones, is the Weight at the bottom. The WP 
:Rod, or Wire, is plain. The terms pe- 4 
culiar to the Royal Swix, are the Pads, 
- which are the Pallets in others, and are 4 
Fred on the Arbor. The Fork is alſo 
fixed to the 4bor, and about 6 _ f 
elo 


"= 
* 
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. I. | Terms of Art. . 


Sbelow, catcheth hold on the Rod, at a. 
at piece of Braſs, called the Flatt, in 
which the lower end of the Sprog is 
aſtened. | | 
The names of the Wheels next follow. 
be Crom - heel in ſmall pieces, and 
g- M heel in Royal Pendulums, is that 
heel which drives the Ballance, or 
Pendulum. 
The Contrate Vbeel, is that Wheel in 
FP ocket-Watches, and others, which is 
ert to the Crown-Wheel, whoſe 
eeth and Hoop lye contrary to thoſe 
t other Wheels: whence it hath its 
Name. 1 
The Great V beel, or Firſf. N heel, is 
e: Pat which the Fuſy, &c. immediately 
rh Eriveth. Next it, are the Second & heel, 
ird. Mbeel, &c. 6 
of Next followeth the Work between 
he e Frame and Dial- Plate. And firſt, 
che Pinion of Report which 1s that 
inion, which is commonly fixed on 
Me Arbor of the great Wheel, and in 
d Watches uſed to have commonly 
t four Leaves; which driveth the 
PiaLVbeel, and this carrieth about 
We Hand. Ve | 
The laſt part which I ſhall ſpeak of 
che Clock, which is that part which 
Frveth to ſtrike the hours: In which I 


BH a. 5 xd at. Ki Re Ren bd 


» OP 
* 


are 
hes Firſt ſpeak of the Great, or Fift- 
ow 1 | B 3 heel; 


: n . yo 
Explication of the Ch. I. 
Wheel, which is that which the Weight 
or Spring firſt drives. In 16 or ,o ä 
Hour Clocks, this is commonly the Pin. 
Wheel; in 8 Day pieces, the S-cond- Wl 
Wheel is commonly the Pin-Wheel. % 
This Wheel thus with Pins is called 
the Striking Wheel, or Pin-Wheel, i 
Next to this Siriking Wheel, follow- 
eth the Detent-Whe«l, or Hoop Wheel, it 3 
having a Hoop almoſt round it, in 
which is a vacancy, at which the Clock 
© The next is the Third, or  Fourth- lf 
Wheel (according as it is diſtant from 
the Fy rſt-Wheeel) called alſo the M aui 
kel. | , „„ 8 
And liflly is the Fling Pinion, with | 
a Fly or Fan to gather Air, and ſo bridle 
the rapidity of the Clock's motion. 
Beſides theſe, there are the Pinon of 
Report, of. which before, which driveth 
round the 'Locking-IPbeel, called alfo the 
Count Wheel, with 11 Notches in it com- b 
monly, unequally | 


* 
« 


" . 
4 ; 
* 4 \ 
2 
i * 
4 
Y 


c 
[ 


. diſtant from, one * 

other, to make the Clock ſtrike the ö 
fours of e 

Thus much for the Wheels of the 
ein -: % 
- Beſides which there are the Raſh, or 
Ratch ; which is that ſort of Wheel, of f 
twelve large Fangs, that runneth fon 
centrical to the Dial-Wheel, and ſervethM* 
to lift up the Detents every hour, and. 
make the Clock ſtrike. The 


1 TA Terms of Art; 


©» {TC 


The _Detents. are thoſe Stops, which 


| being lifted up, or let fall down, do 
ck and unlock the lock in ſtrixing. 
„The Hammers ſtrike the Bell: The 
1 Fammer- tails are what the Striking-pins 
5 g 1 aw back the Hammers by. 


8 Latches are what lift up, and uplock 
le Work. 
IF Catches are what hold by. hooking, 
4 br catching hold of. 
The Lifting pieces do lift up, and un- 
* the Detents, in the Clock part. 
The Train is the number of Beats 
r Vibrations which the Watch maketh 
am an Hour, or any other certain time. 
There are beſides theſe divers other 
Terms which the Clockmakers uſe in 
arious Sorts of Pieces, as the S1azl, or 
7 e in Repeating: Cfocks, the 
of eck, the Safegatds, the ſeveral Levers, 
4 tert, and Detents: but it would 
hel 3 Se tedions, and-1t is needleſs to mention 
m-| We particulars, | 
ne For the better underſtanding theſe 
the * erms of Art, and the parts of a Clock, 
FF have in Fig. 1. repreſented them to 
the 


1 
Ws 
9 
4 


e eye. In which, two diſtinct parts 
y be obſerved, the Watch, and the 


of ock-part 


of W The Wheels, Ge. on the right hind, 
on- the Watch-part. 3 on, the left, 
:eth* Chuck part. Ad 
1n (8 56 8 R444. * $1 1 A. 


The 


A. A. A. A. The upper Plate of 2 | 
Fame: which you may imagine to de 
tranſparent (as of Glaſs) to admit of a 
Vroſpect of che Wheel wor k under- 1 
neath it. "= 

B, B. B. The dwey Plate of the Frans. J V; 
C. C. C. C. The Pillars. | 
D. D. The Spring Boxes of the Watch, | 
av Clock part. 7 
E. E. The 2 ii wheel of rh part. 1 1 
F. F. The Fuſy of each part, about © 
which the Chain, or String is WIAp- J 
pe 5 
88-88-88. 6: The Ratchet of each f 
part. 

a. a. a. The Hoop, or Rim of the 85 0 
cond wheel. 1:8 eee 

b. b. The Crofs thereof. 

c. The Pimon. | 
H. The Contrate-wheel, © 
I. The Crown wheel. 4 

d. d. The upper and lower Proc i 
"Angry 3 

K. A piece of Braſs, in whack the 
My is, in winch the Bret d. play 1 
et 137. 

L. The Hir wheel, with the Sten ; 
Pins e. E. e. e . 

M. The Detent-wheel. ; 

N. The . wheel, or bog 
wheel. \\ 

O. The Detent. 6 4 
P. The Lifting prece. 
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a. 1. General Rules Se, 


e . Q. The Fan, and * 
e R. The Bell. 

a WS. The Hammer. © 

> 8 T. The Hammertails. 


1 V. V. The Chain, or String of the 
Watch and Clock. 

. The Vene or Spindle of the Ba- 
„ 1 þce, or Pendulum. 

. v. y. The Red of the Pendolum, 
43 q he Fork. 
ut he Flatt. 


p- I . The Great Ball. 8 
4. The Corrector, or Air: be- 
ch a contrivance ol my own, of very 
1 at uſe to bring the Pendulum io 
8. nice Vibrations. 


| 5 5. The Pallets. 
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CHAP. I. 
T be Art of Calculation. 


SECT. I. 


ral preliminary Rules and Di- 
redions for Calculation. 


OR the more ds andern 
ing this Chapter it muſt be ob- 

ed, that thoſe Antomata (whoſe 
B 5 Cal 


5 
| 8. | 
EO; 


Orchtrez to know, that any Wheel being divi- 
of — ded by as Pinion, ſhews how: many 


* General Rules z Ch. 2. 


8 
Calculation I chiefly intend) do hy little d 
Interſtices, or Strokes, -meaſure out ir 


longer portions of Time. Thus the ri 
ſtrokes of the Balance of a Watch, n 
& meaſute out Minutes, ** Days, de 
6. W 
Now toſcatter thoſe ſtrokes amongſt N 
Wheels and Finions, and to proportionate ¶ or 
them, ſo a8 to meaſure time regularly, in 
is the deſigr ign of Calculation. For the th. 
clearer Ciſcoery of which, it will be is 
neceſſary to proceed "leiſurely, | and 
gradually. SA 1 119-8 
8 2. And: in the fiſt- place, you are 


turns that Pinion hath to one turn of 
that Wheel.. Thus a Wheel of 60 teeth 
driving a Pinion of 6, will turn round 
the Pinion 10 times in going round 
once. &) Co. 

From the Fuſy to the Balance the 
Wheels drive the Pinions; and conſe- 


quently the Pinions run faſter, or go 


more turns, than the Wheels. they run 
in. But it is conttary, from the great · ¶ the 
Wheel to the Dial Wheel. Thus in the Dia 
laſt example, the Wheel drives round Pin, 
the Pinion 10 times: bat if, the Pinionſ (un 
drave the Wheel, it muſt turn 10 times the 
to drive the Wheel-round, once. Pin: 
5, 3. Before I. proceed further , I bers 


muſt ſhew. how to write down 75 The 


Wheels and Pinions. Which 11 be 
one 


Sect, . For Caleridation, 


1 . as Vulgar Fractions, or- 
en way of Diviſion in Vulgar A- 
üb cke For Ex. A Wheel of 60 
moving a Pinion of 5, may be ſet. 
don thus, : or rather thus 5) EO: 
where the uppermoſt figure 60, or 
Nomerator is the wheel, the-lowermoſt 
or Penominator, is the Pinion: or, 
in the latter example, the firft figure is 
che. Pinion, the next without the hook, 
„is the Wheel. 
| The number of Turns, which the a 
Pinion hath i in one turn of the Wheel, 
is ſet (without a hook on the right hand : 
1E 5 E012; i. e. a Pinion 5 playing 
„Jin a wheel of co, moveth round 12 
times in one turn of the Wheel. 
h A whole Movement may 
d 4)25(g be noted thus, 44 ff 45 4» 
d 


11 3 


5)55(11 17 Notches in the Crown- r 

547% Wheel. Or rather (becauſe 1's 
je . it will be eaſieſt to mean | 
capacities) as you fee here 2k 
0 17. in the Margin: where the FR 


vuppermoſt number above 
the * is the Pinion of Report 4, the 
Dial wheel 36, and 9 turns of the 19 
Pin, of Report. The ſecond number 
(under the line) is 5 the Pinion, 55 is Lf 
the  Great-wheel, and 11:turns of the — 
Pinion it driveth. The third num- "By 
bers, are the Second-wheel , Cc. - BY 
The fourth the  Contrate-wheel = Bi 
An 


* 


„ J 4, 


General Rule? Ch. 2. 


And the ſingle number 17 under all, 
is the number of the Crown wheel. 
s 4. By the $5 2 before, knowing the 
number of turns, which any Pinion 
hath in one turn of the Wheel it work · 
eth in, you may alſo find out how 
many turns a Wheel or a Pinion hath, 
at a greater diſtance; as the Contrate- 

| 8 wheel, Crown- wheel, or Cc. 

dy the Quotients I For it is but multiply ing to- 

_— meat gether the Quotients, and the 

Turns: which num. number produced is the num- 

ber is ſet on the ber of Turns. An Example 

righe hand, without will make what I ſay plain: 


rhe hook, as is ſhewn let us chuſe theſe 
in the laſt Para- 


raph : Which I note 3 numbers here 5)55(11 
__ now once for ſet down; the 5)45(9 
all. firſt of which $5)4o(8 
hath 11 turns, the next 9, and the 
laſt 8. If you multiply 11 and 9 it 
produceth 99, for 9 times 11 is 99, 
that is in one Turn of the Wheel 55, 
there are 99 Turns of the ſecond Pini- 
on 5, or the Wheel 40, which runs 
concentrical, or on the ſame Arbor with 
the ſecond Pinion 5. For as there are 
11 Turns of the firſt Pinion 5, in one 
Turn of the Great-Wheel 55, or (which 
is the ſame) of the Second-Wheel 45, 
which is on the ſame Spindle with that 
Pinion 5; ſo there are ꝙ times 11 Turns 
in the ſecond Pinion 5, or Wheel 40 in 
one Turn of the Great-Wheel 55. lf 
you multiply 99 by the laſt Quotient 
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Set. 1. for Calculation. 

$ (that is, 8 times 99'i8 792) it ſhews 
the number of Turns, which the third 
and laſt Pinion 5 hath. So that this 
third and laſt Pinion Turns 792 times 
in one Turn of the firſt Wheel 55. 
Another Example will make 


it ill more plain. The ex- 8) 80(10 


ample is in the Margin. 60544 
The Turns are 10, 9. and 5) 408 
8. Theſe multiplied as be —— 
fore run thus, viz. 10 times 15 
9 is 90, that is, the Pinion 
6 (which is the Pinion of the 
third Wheel 40 and runs in the ſecond- 
Wheel 54) turns 9o times in one Turn 
of the firſt Wheel do. This laſt product 
90 being multiplied by 8, produces 720; 
that is, the Pinion 5 (which is the Pin. of 
the Crown- wheel 15) turns 720 times in 
one Turn of the firſt Wheel, af So teeth. 
s 5. We may now proceed to that, 
which is the very groundwork of all; 
which 1s, not only to find out the Turns, 
but the Beats alſo of the Balance in 
thoſe Turns of the Wheels. By the 
laſt paragraph, having found out the 
number of Turns, which the Crown- 
wheel hath in one Turn of the Wheel 
you ſeek for, you muſt then multiply 
thoſe Turns of the Crown wheel by its 
number of Notches , and this will 
give you half the number of Beats, in 
that one Turn of the Wheel. Halt the 
151 number 
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vumber, I-fay;ifor the, reaſons in the 
following 65% Fer tlie Explication of 
what hath been ſaid, we will take the 
exampbe in the laſt s: the Crown- wheel 
there, has(as hath been ſaid) 720 Turns 
to one Turn of the firſt Wheel: 
This number mulfiplied by 15 (the 
Notches in the Croun- wheel,) . 
duceth 108005 which are half the 
number of ſtrokes of the Balance, in 
one Turn of the firſt wheel 80. The 
like may be done for any of the other 
Wheels; as the Wheel 54, or 40: but 
I ſhall not inſiſt nne n laid 
enou sh.. 
I hall give but one Erample more, 
which will fally, and very plainly 11- 
lüuſtrate the whole Matter. 
4)32)8 The example i is in the Mar- 
—— gain, and tis of the old 16 
50550 11 hour Watches, wherein the 
$)45(9 Pinion of Report is 4, 
5)40(8 the Dial- wheel 32, the 
— — Great- wheel is 55 the, Pini- 
* "17 on of the fecond Wheel 
18 5, Ec. the number of Notches in the 
Crown-wheel are 17: the quotients, or 
number of turns in each, are 8, 11, 9, 
8. All which being multiplied as before, 
make 6336: this number multiplied 
by 17, produceth 107712; which laſt 
ſumm 1s- half the number of Beats 
en ans the Diab wheel. i 


3 Gul 


Sect. 1. for Cultulation. 


half number of Beais in one Turn o 
the , Geegt- whee], [you will Aang be 
13464: For 8 times 17 is 136, which 
is the half number ol Beats in one Turn 
of the Contrate-wheel 4: and 9 times 
136, is 1224, the half beats in one 
Turn of the Second : wheel: and 11 
times 1224, is 13464, the half beatz in 
one Turn of the Great wheel 55. And 
8 times this. laſt, is 107712 before 4 
named. If you multiply this by the 1 


two Pallets, that is, double it, it is | } 
215424, which is the number of Beats 1 
in one Turn of the Dial wheel, or 12 # 
hours. If you would know- how ma- A 
ny Beats this Watch hath in an hour, tis | 


but dividing the beats in 12 hours, into. 
12 parts, and it gives 17952, which i 1s 
called the Train of the Watch, or Beats 
in an hour. If you divide this into 
60 parte, it gives 299 and a little mote, 
for the Beats in a minute. And ſo yo 
may go on to ſeconds and thirds if you 
eaſe. 1 
N Thus 1 have aa eered my tho ughta 
as plainly as I can, that I may mags well 
underſtood; this. being the very foun · 
dation of all the artificial part of Clock - 
work. And therefore let the young 
Practitioner exerciſe himſelf thoroughly 7 
in it, in more than one example. © * 
If I have offended the more learned; 
quick»fighted. Reader, by uſing many 
words; 


o I 


p. 


Fer Calculation Chap. 2. 
words; my deſire to inſtruct the moſt 
„ eee ee 


cu. gr " 1 | 
$'6. The Balance or Swing hath 
two ſtrokes to every tooth of the 
Crown-wheel. For each of the two 
Pallets hath its blow againſt each tooth 
of the Crown-Wheel : wherefore a Pen- 
dulum that Swings Seconds, hath its 
Crown wheel only 30 teeth. 


8 ECT. II. 


The way to batlite or contrive the 
Numbers of a piece of Watcb-work 


Aving in the laſt Section led on 
the Reader to a general know- 
ledge of Calculation; I may now ven- 
ture him further into the more obſcure 
and uſeful parts of that Art: which I 
ſhall explain with all poſſible plaineſs, 
tho? leſs brevity than I could wiſh. 
81. Two. Wheels and Pinions of 
different numbers may perform the 
ſame motion. As, a Wheel of 36 
drives'a Pinion of 4, all one as a Wheel 
of 45 drives a Pin. of 5; or as a Wheel 
of 90 drives a Pin. of 10. The turns 
of each are 9. Therefore 
5 2. In contriving a piece of work, 
R you 


ou may make uſe of one Wheel and 
one Pinion or many Wheels and ma- 
ny Pinions, provided that the many 
wheels and many Pinions bave the fame 

proportion that the one Wheel and one 
Pinion have. An example or two of 
which will make the matter plain, 


eetb (too large a number for one 


Pinions: you may make uſe of 3 wheels 


9 7 and 1; which being multiplied 
ogether, continualhy make the two 
Sums vix. 36 times 8 is 288, and 5 
imes that is 1440. And 4, 7 and 1 fo 
ultiplied, makes 28, the very Summs 
ff the one Wheel, and one Pinion. 


erent numbers, which will perform 
be ſame motion, although they reach 


heel 1440 and Pinion 28; there are 
1 } Turns. Now any number of 
heels and Pinions that will affect the 
ame number 51 Turne, will perform 
he ſame Motion as that one Wheel and 
ne Pinion; Future examples will 
nake eins 

S 3. In placing the Wheels and Pini- 
ns it matters not in what order they 
re ſet; nor indeed which Pinion runs 
in 


uppoſe inſtead of a Wheel of. 1440 


pf 36, 8, and 5, and three Pinions of 


Ot you may by s 1 make uſe of dif: 


ot the ſame numbers. As in the 


* 


heel) and a Pinion of 28 Leaves, ou 
had rather make uſe of 3 wheels and 
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Ws times 8, 24 times 12 2, equal to 288 

Jiſo. 

it this Rule ſeem to the vnskilfal 
eader hard to be underſteod, let him 

8 ot be diſcouraged, 'becauſe he may 

{| 


Jo without it, altho it may be of good 
le to him that would be a more com- 
lleat Artift. 
5 5. Becauſe in the following: Pals: 
raphs, 1 ſhall have frequent occaſion 
o uſe the Rule of Three, or Rule of 
proportion, it will be 'neceſſary- to 
hew-/the unskilful Reader how to work 
his noble. e255 
If yon find 3 or G pages this ſer, 
rich. four ſpots aſter the ſecond o 
hem, *tis the Rule of Proportion: 
$ in this example, 2.4: : 3.6. i. e. As ? 
to 4:: So is 3 to 86. 
The way to work this Rule, - viz. by 
e 3 firſt numbers to find a fourtff, 
, to multiply the fecond number and 
e third together, and divide their 
rodu@ by the firſt. Thus 4 times 3 
12, which 12 dividedby 2, gives 6 


ands in the fourth place of 

Yon will find the great uſe of this 
Ule hereafter; only take care to bear 
in mind all along. But if there 
Would be occaſion for any farther In- 
lructions in this Rule of | Three, 1 refer 
he Reader to the Arithmeticiags. . 
8 


hich is the number ſodght- for, 4 ad 
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Calculation of Chap. 2. 


Ss 6. To proceed. If in ſeeking for] 
your Pinion of Report, or by any other 
means you happen to have a Wheel and 
Pinion: fall out with croſs numbers, 
too big to be cut in Wheels, and ye 
not to be altered by the former Rules 
you may find out two numbers of the 
ſame, or a near proportion, by this 
following Rule, vis. As either of the: 
numbers given, is to the other : : 80 
is 350 to a Fourth: Divide that fourth 
number, as alſo 360 by any Aliquot 
parts, as 4. 5. 6. 8. 9. 10. 12. 15. (eac 
of which numbers doth exactly mea 
ſure 360) or by any one of thoſe num 
bers that bringeth a quotient neareſt to 
an integer (or whole number.) Thu 
if you had theſe two numbers, 147 thi 
Wheel, and 170 the Pinion, which an 
too great to be cut in ſmall Wheels, and . 

et can't. be reduced into leſs, becauſe 
ey have no other common meaſure, 
but unity: ſay therefore according 
to the laft paragraph, As 170 is to 147; 
or as 147 is to 170 :: So is 360 to. 
fourth number ſought. In numbers 
thus, 170. 147-:: 360. 311. or 14) 
170 :: 360. 416. Divide the fourtl 
number and 360 by one of the foregoing , 
numbers; as 311 and 360 by 6, i fon 
gives 52 and 60. In numbers tis thus. 


in 9,” | 
6)? 6008 Diride by 8 ttis thus, 9955 165 


360(4) 


{ 


dect. 2. the Watch part. 21 
f you divide 360 and 416 by 8, it _  _ 
all out exactly to be 45 and 5 269478072 


Vhererefore for the two numbers 147 
nd 170, you may take 52 and 60; ot 
9 and 45; or 45 and 52, or Cc. 

$ 7. 1 ſhall add but one Rule more 
efore I come. to the practice of what wi 
ath been laid down; which Rule will 1 
e of perpetual uſe, and conſiſts of theſe | 


. 
[ 
[ 
( 
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Me particulars. 
TW 1. To- find what number of Turns Oughtred 
y be Fuß will have, thus: As the S0 = 


eats of the Balance in one turn pid. 
t the Great Wheel or Fuſy (ſuppoſe 109. 
6928) to the Beats of the Balance 
one hour (ſuppoſe 20196) :: 80 
the Continuance of the Watches 
ping in hours (ſuppoſe 16) to the 
umber of the Turns of the Fufy 12. In 
mbers *twill ſtand thus, 26928. 
0196 :: 16. 12. By. s 4 you may 
member that you are to multiply 
dI96 by 16, the product is 323136. 
ivide this by 26928, and there will 
iſe 12 in the Quotient, which muſt be 
ac'd in the fourth place, and is the 
nber of Turns which the Fuß hath. 
2. By the Beats and Turns of the Fuſy, 
find how may Hours the Watch will go, 
__ - POE ON | ; 
As the Beats of the Balance in one 
ur, are to the Beats in one Turn 3 
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the Fuſy;: 80 is the number of th 
turns of the Fuſy, to the Conting 
apce of oy: Watches going In nul 
bers thus, 
4 75 1 [2 795 ; a 
; o ju the [YORES the 
M4 wn 2 tun of the Fuß, ſy 
As. the number of Tutns of the Fuſ 
to. the Continuance of the Watch's gt 
ing in hours: : So are the Beats in or 
hour, to the Beats of one, Turn of 
\ Fu uſy. In numbers it is thus, 
1 The 10:53 20156: 26928. 
find the 11 of” the Bala 
ILY af ot thus, As the. hours Hr. 
| the Watches going, to the number W. 
Turns of the Fuſy : : So are the Beats il 
one Turn of the Fuſy,. to the Beats Han 
M N In numbers thus, 
1 8 12226928. 20196. — 
5. To fond what Huta! Is td be li gi 
2 ' the Pinion of Report, ſay th 
As the Beats in one Turn of the Gre © 
wheel, to the Beats in an hour: : 80 a 
the Hours, of the, Face of the Cl ile 
{oi 12 0 24) to the gotient of {| 
our-wheel or Dial. whee „divided! 
the. Pinion of Report, 7. e. the num 


444 


185 n ve, the Pinion of Rep — 
one turn of. the Dial. wi the 
An num M thus: _ 
25928. 29196 ::,12. 9, * 


Or rather (to avoid trouble) f . y th you 
As the hours of the Watch's going, 


ea. 2. then mhp, 
io the Number of the Turms of the 
rufy :: 80 are the Hours of the Face, 
to the Quorjent-6f the” Pifſibn of Re- 
port: In numbers this, 16. 12 :: 12. 9. 
i the Hours of the Face be 24, 50 
Quotient will be 18; thus, 16. 12 
24. 18. e Lis 81 Sine © fl 4 
NMB. This Rule ma be made ſerve tb 
lay the Pih. vf Report o any btler wheel CE 
thus, As the Beats in one tl of any wheel 1 
to the Beats in an Hour :: 80 K are the Fi 
Hourg-of the Face, or Dial plate of 1 
Watch, to the Quotient of the Dial. 1 
wheel divided by the Pinton'of Report, © 
fixed- on the Spindle of the aforelald 
Wheel.” va In a1 
s 8. Having given a full Account of 
al things s neceſſary to the tmderſtand- 
ing tie Art of Conan „Tſhall now 
—— what hath been nid into pra- 
dice, by ſewing how” to proceed, in 
Calculatin ing of wg ee hq 
The firſt thing” you are 
pitch upen your _— ler hen g | 
the Balance —— thour": ag? whether a 
ſwift Train, about 20000 beats (which 
is the uſual Train of one of the old cam- 
mon 30 Hour Pocket - Watches) e or a ſlow - 
er Train of about 16500 (the Train of 
the nel Pendulum Poc et Watches 5 
Wor any other Train 
Having thus pitched upon your Train- 
you muſt next reſolve upon the 15 — 
6 er 


r 


| , 
Calculation'of Ch. II 
CE ER . + g | , 


ber of Turns you intend your Fuſy ſhall 
have, and alſo, upon the number of 
Hours, you would have your Piece to 
go: As ſuppoſe 12 Turns; and to go 
30 Hours, or 192 Hours (which is int 
days) or H. erh 
4 Theſe things being all ſoon determi. col 
ned; you next proceed to find out the ſup 
Beats of the Balance, or Pendulum WJ 12 
in one Turn of the Fuſy, by the laſt wh 
6. part 3. viz, As the Turns of the ma 
Fuſy, to the Hours of the Watch's go 8 
ing :: So is the Train, to the numbered : 
of Beats in one Turn of the Fuſy, In$2ea 
numbers thus, 12. 16 : : 2000. 26666, 
Which laſt number are the Beats in 
one Turn of the Fuſy, or Great- wheel; 
and (by Sect. I. $ 5. of this Chap.) are 
equal to the Quotients of all the Wheel 
unto, the Balance multiphed together 
This number therefore is to be broke 
into a convenient parcel of Quotients: 
which you are to do after this manner 

Firſt, half your number of Beats, vi: 
26766, for the reaſons in Sect. I. 56 
of this Chap. the half whereof is 1322; 
Next you are to pitch upon the numbet 
of your Crown wheel, as ſuppoſe 17 
Divide 13333 by 17, the Quotien 
will be 784 (or to ſpeak in the Janguag 

of one that underſtands not Arithm 
tick, divide 13333 into 17 parts, an 
784 will be one of them.) This 784 

| tht 


7 


ect, 2 the Watch-part. 98 


the number left for the Quotients (or. 
Turns) of the reſt of the Wheels and 
Pinions: which being too big for one 
or two Quotiepts, may be beſt broken 
into three. Chuſe therefore 3 numbers, 
which when multiplied all together 
WW continually will come neareſt 784. As 
ſuppoſe you take 10, 9, and 9. Now 
io times 9 is 90; and 9 times 90 is 8 10, 
WM which is ſomewhat too much. You 
{may therefore try again other numbers, 
Was ſuppoſe 11, 9, and 8. Theſe multipli- 
ed as the laſt, produce 792, which is as 
offinear as can be, and convenient Quo- 
tients alſo. | 
Thus you have contrived your Piece, 
from the Great Wheel to the Balance. 
But the numbers not falling out exactly 
according as you at firſt propoſed, you 
nuſt correct your Work thus. Firſt, to 
ad out the true number of Beats, in one 
Turn of the Fuſy, you muſt multiply 
792 aforeſaid, (which is the true pro- 
luct of all the Quotients you pitched 
pon,) by 17, the notches of the 
rown-wheel; the product of this is 
3464, which is half the number of 
ue Beats in one turn of the Fuſy, by 
ect. I. s 5. of this Chap. Then to 
Ind the true number of Beats in an 
lour, ſay by s 6. part 4. of this Sect. 
s the hours of the Watch's going, vixz. 
5, to the 12 Turns ofthe Fuſy : : So is 
C 13464, 


4 
thi 


CLualculation of Ch. II 
f 3464 the half beats in one Turn of the; 
Faly, to 10098 the Hal Beats in an ,, 
Haur: the numbers will ſtand thus, 16. 


12 * 13464. 10098. Fi ah e 8 
Then to know what Quotient is toffl 4 
be laid upon the Pinion ot Report, ſayM ig 
by 8 6. part 5. ot this Sect. As the 5. 
Hours of the Watch's going, wiz. 16, to ;, 
the Turns ef the Fuly, viz. 12 :: 80 are in 
the hours of the Dial- plate, vis. 12 80 
to the Quotient of the Pinion of Re. T7. 
port fixed on the Great: wheel. Inf in 
numbers thus, 16. 12 12. 9. 20 
_ Having thus found out 55 
all your Quotients, tis eaſie 4)36) 0 MM. + 
to determine what numbers by 


your Wheels ſhall have: for 5)55(ui/ no 
chuſe what numbers your 504509 . 
Pinions ſhall have, and mul- 504008 WI >. 
tiply the Pinions by their —— in 
Quotients, and that pro- 17 
duceth the number 3 for your 402 
Wheels, as you ſee in the Margin. _ 
Thus 4 is the number of your Pinion. )- 
of Report, and 9 its quotient z there. Ya 
fore 4 times 9, which makes 36, is the 
number for the Dial- wheel. So the 
next Pinion being 5, and its quotient 
11, this multiplied produces 55 for thi 
Great-wheel. And the like of the reſ 
of the following numbers. 

Thus, as plain as words can expreſ 
it, I have ſhewed how to calculate th: 
number of a 16 hour Watch. St 


Sed. 2. the Matob. part. | '27 


88. This Watch maybe made to go 0nghtred 
a longer time, by leſſning the Train, Sect. 28. 
and altering the Pinion of Report. 
Suppoſe you conld conveniently ſlacken 
the Train to 16000, the half of which 
is 8000. Then ſay (by s 6. part 2. of this 
Sec.) As the halfed Train, or Beats 
in an hour, viz. 8000, tothe Half Beats 
in one Tura of the Fuſy, vis. 13464 :: 
So are the turns of the Fuſy, viz. 12, 
To the hours of the Watch's going: 
ug in numbers thus, Soco. 13464 :: 12. 
20. So that this Watch will go 20 
hours. | 131 4 
Then for the Pinion of Report, ſay, 
by the ſame s, part 5, As (20 the Conti- 
i nuance;) To 12 (the Turns of the Fuſy) 
: So are 12 (the Hours of the Face,) To 
7, the quotient of the Pinion of Report. 
In numbers thus, 20. 12: 12. 7. 
The work is the ſame as 
4)25(7 before, as to the numbers; 
— only the Dial wheel is but 


Y5)55(11 28, becauſe its quotient Is _ 
oy 574509 altered to 7; as appears in - = 
tue 5) 4808 the Margin, by the Scheme 9 
the. of the wok. 1 
'17 S8. Iſhall give the Reader 1 
one ezample more, for the 4 1 
ſake of ſhewing him the uſe of ſome of El 
he foregoing Rules, not yet taken notice 3 
of in tie former operations. Suppoſe . 
"WC | ee | 4 
0 | 


* : — q—_ = clas 
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for the quotients. And becauſe this 


thus: Af you multiply 12 by 12, it make 


Cane, -- Oh. Nl 


you would give numbers to a Watch of 


about 10000 beats in an hour, to have ji of 


12 turns of the Fuſy, to go 170 hours, u 


and 17 notches in the Crown- wheel. Cl 
This work is the ſame as in the laſt mn 
Example s 7. In ſhort therefore thus, N 
As the Turns 12: are tothe Continuance Wh 
170 :: So is the Train 10000, To oy 


141666, which are the Beats in one 
Turn of the Fuſy. The numbers will 
ſand thus, 12. 170 :: 10000, 141666, 
Half this laſt is 70833. Divide this 
half-into 17 parts, and 4167 will be 


number is too big for 3 quotients, 
therefore chuſe 4: as ſuppoſe 10, 8, 8, L. 
and 6 4+ (i. e. 6 and 3 fifths.) Theſe o 
multiplied together as before, and 79 
with 17, maketh 71808, which aro 
half the true beats in one turn of the 
Fuſy. By this you are to find out your 70. 
true Train firſt, ſaying in the former 
example, as 170 to 12: So 71808, to heſe 
5069; which laſt is the half of the tru» 5 
Train of your Watch. Then for the 
Pinion of Report, ſay, as 170 to 12: 
So 12 to 2. Which Fraction ariſeth 


144; and divide 144 by 170, yo 
cannot; hut ſetting the 144 (the Divi 
dend) over 170, (the Diviſor) and ther 
ariſeth this fraction , which is a Whee 
and Pinion ; the lower 1s the Piniol 

/ | : Ol 


Set. 2. theWatch-part 
of Re and the upper is the Dial- - 
8 to Sect, 1. 8 3. of this 
Chapter. Or (which perhaps will be 
more plain to the unlearned Reader) 
you may leave thoſe two numbers, in 
their Diviſional poſture thus, 170) 144, 
which does expreſs the Pinion and Seck. x: 
Wheel, in the way I have hitherto 5 3. „ 
made uſe of. = 
But to proceed. Theſe numbers _—_ 
being _ 1 to — cut in | 1 
[mall Wheels, may be vari- „55/2 1 
ed, as you ſee a like exam- 24) —— 
dle in s 6. of this Section, 6 60010 
ig. ſay, as 144. is to 170 :: 5558 
Do is 360, To 425. Or 28 5)40(8- 
70, to 144 :: So is 360, 5533063 
To 305. In numbers thus, 
44+ 170 :: 360. 425. Or 17 
70. 144: : 360. 305. Di- | 
ide 360, and either of 1 
heſe two fourth and laſt numbers by 
5, 6, 8, Cc. (as is directed in the 
Lule laſt cited.) If you divide by 8, 
du will have for your numbers 142 45. 
33. If you divide by 15 (which will 
dt bring it ſo near an Integer) you will 
Lve 34 or : which laſt are the num- 


e ſet down. P 

5. 10. Having faid enough , I 
Wok, concerning the Calculation of 
G 3. ordinary 
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ordinary Watches, to ſhew the hour of (Pi 
the day: Fihall next proceed to ſuch as Nas 
ſhew minutes and ſeconds. The pro. 
ceſs whereof is thus; firſt, having re. 
ſolved upon your Beats in an Hour, 
vou are next ws find how many Beats 
there will be in a Minute, by dividing 
your: deſigned Train into 60 parts. 
And accordingly you are to find out 
5 ſuch proper numbers for your Crown: 
wheel, and quotients, as that the Mi- 
nute-wheel ſhall go round once in an 
hour, and the. Seconds: wheel once in a 

minute. 
An Example-will aka all Main: 
Let u cuſe a Pendulum of 57 inches nto 
8 lengih, which by the following Pen- B 
7 duſuor Table vibrates 142 Strokes in 
| inute, and 85320 in an Hour, 
Seft.1 8.6. Theſ: Sums being Halved are 71, and 
4260, Now the fieſt work to be done 
is to break this Half Number of Mi 
nutes 71 into good praportions; 
which will fall as near as may be into 
one quotient, and the Crown-whetl, 
Firſt, for the Crown wheel let it have 
15 notches. Divide 71 aforeſaid b) 
this 15, the quotient will be. nearly 5 
And fo this firſt work is done; for 
Crown wheel of 15, and a Wheel and 
| Pinion, 


3! 


* 


To E 1 hs 
Seck. 2. Writhpart. 


pinion, whoſe quotient is '5 5 


(as in the Margin) will go '8)4o(5 
round in à Minute, to cart xy 
2 Hand to ſhew Szconds, if * 15 
you p*eaſe, n 

Next for a Hand to go round in an 


Hour to ſhew Minutes. Now becauſe 


here are 60 minutes in an hour, tis 
ut brezking- 60 into two | 
good quotients (which may 8)64(8 

de 10 and 6, or 8 and 7 , 8) 6007 


r Cc.) and the work is 8)40ʃ5 
| One. nne en | — — 


Thus your number 4260 15 
5 broken, as'near as can be © 
no proper numbers. 
But becuuſe it does not fall out ex- 
aly into the above- mentioned num- 


- 


t. Pers, you muſt correct (as you were di- 
d gected before) and find out the true 


nch this 6% 6 makes 450 : which is 
he half of the true Train. Then to 
ind out the Beats in one Turn of the 


ve ulſy; operate as before, viz.” As the 
by umber af Taras (16, to the Continu s 6. Par. 
Nee 192 2 Seis 4.500 to 34000, Whiclt 3: 8. 7: 


re half the Beats in one Turn of the 
uſy. In numbers thus, 16. 192 :: 
590. 54000. This 54000, mult be di- 
ded by 406; Which are the true num- 
rs already pitched! rpcti; br Beats in 
. an 


3 


umiber. of Beats in an Hohr, by Mul. 
iptying 1 by 5 which makes 75; 


El 


( 


| 
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a Piece whoſe Pendulum ſwings Se- 


the uſual performance of thoſe Move- 


wheel muſt needs be 30 to ſwing 60 
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an hour. The quotient of this diviſion 
1s 12, which being not too big for one 
ſingle quotient, needs not 
9)108(12 be divided into more. The 
8) 64(8 work will ſtand, as you ſee 
8) 60(73. in the Margin. 
8) 42(5 As to the Hour-hand, the 
—-— Great wheel (which per. 
15 forms only one Revolution 
in 12 turns of the Minute- 
wheel) will ſnew the hour. Or rather 
you may order it to be done by the 
Minute-whee], as ſhall be ſhewed here- 
after. 7 | 
s 11, I ſhall add but one example 
more, and ſo conclude this Section; 
and that is, to calculate the numbers of 


conds, to ſhew the Hour, Minutes, and 
Seconds, and to go 8 days; which is 


ments called Royal Pendulum at this day. 
Firſt, caſt up the number of Seconds 
in 12 hours (which are the Beats in one 
Turn of the Great- wheel.) Theſe are 
12 times 60 minutes, and 60 times that, 
gives 43 200, which are the Seconds in 
12 hours. Half this number (for the 
reaſons before) is 21600. The Swing- 


Seconds in one of its revolutions. Di- 
vide 21600 by it, and 720 1s the quo- 
tient, or number left to be broken into 

quotients. 


E 2 the Watch part. 


nuotients: Of theſe quotients, the 
it muſt needs be 12 for the Great- 
wheel, which moves round once in 
12 hours, Divide 720 by 12, the quo- 
tient is 60; which may be pg a 
broken into two quotients, as 10 and 
6, or 3 and 12, or 8 and 7 +, which 
laſt. is moſt convenient. 

ind if you take all the Pi- 8)96(12 
nions 8, the work will 8)64(8 
ſtand as in the Margin. 8)60(7+ 
According to this compu - — 
ation, the Great wheel 30 
7111 go about once in 12 

ours, to ſhew the Hour, if you pleaſe: 
he Second-wheel once in an hour, 
o ſhew the Minutes; and the Swing - 
heel once in a minute, to ſhew the 
Seconds. | = 
Thus 1 have endeavoured with 


Rd hn dr. AM 


oft myſterious, as well as uſeful part 
pf Watch-work. In which, if I have 


y unartificial terms, or multi- 
ude of words, 1-defire the fault may 
e laid upon my earneſt intent to con- 
leſcend to the meaneſt capacity. 


/ 


"65 , SECT. 


il poſſible plainneſs, to unravel this 


ffended the more learned Reader, 
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Ty Caltilate the St ling part of a Clock, 
J being ia the preceding” Section 
1 ſhew'd, as clearly as I could, the 
way of Calculating Numbers for the 
W :tch-part, Uihall in this do the ſame 
for the CcE, or Striking part. Which 
having never been treated before, I 
ſmall reduce to as. plain Rules and Me- 
thod as I can. r INS 
$1 Althg' this Part conſiſts of many 
Wheels and Pinians, yet reſpect needs 
to be had only to the Count whecl, Str: - 
king wheel, and Dctent-wheel which move 
round in this prophrtion; the Comnt- 
wheel moveth round commonly once 
in pe, or 24 hours. The Detent-whect 
mores round every itroke the Clock 
ſtiketh, ſometimes but once in two 
Rrokes. From whence it follows, 
r. That as many Pins as are in the 
Pin wheel, ſo many Turns hath the 
Detent=wheel, in one turn of the Pin- 
wheel. Or (which is the ſame) the Pins 
of the Pin-wheel are the quoti-nt of that 
Wheel, divided by the Pinion of the De- 
tent Wheel. But if the D-tent-wheel mo- 
veth but once round in two ſtrokes ot the 
Clock, then the ſaid Quotient is but 
Ralf the number of Pins. 175 
2, As many Turns of the Pin wheel as 
5 are 


. 3. EY, Clicks, part. 8 


8 
are WES "a perform the Strokes of: 
12 hours (which are 78) So many Turns 
muſt the Pinion of Report have, to 
turn round the Count - Wheel once! Ot 
thus: Divide 78 by the number of ſtri- 
king gins, and the Quotient thereof 
ſhall be the Quotient tor. the Pifion 
of Report, and the Count. Wheel. All 
this is, in caſe the Pinion of Report 
be red to the arbor of the en 
as is very commonly done. | 

All this] take to be very plain: or 
if it be not, the example in the Mar. 
gin will clear all diffi- 4A 
culties. Here the Lock- 0484s 
ing - wheel is 48, the Pi. 
mon of Report is 8, the 6078013 9 
10-wheel is 78, the 60 ů a 
dtriking-pins are 13. ade 10 N 
And ſoofihe reſt. I necdd ä 
only. to remark here, that 78 bod FIR 
10 by the 13 pins, gives 6; whichiis 
he Quotient of the Pinion of Report: Tv 
is was before hinted. | 
As tor the Warning- Wheel and. Fhing 4 
inion, it matters little what numbers 
hey have, their uſe being only to bri- 
le the rapidity»of the motion of the 
he ther Wheels. 185 
u Beides, be da laſt: obſervation; there 
Ne other ways to find out the Pinion 


as Report, Which: wall fall under the 
ext . 


SN. 


- 


Barrel. 
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$ 2. Theſe following Rules will be 
of great uſe. in this part of Calculati- 


on, vis. 
find how m 


Strokes the 
the Fuß or 


As the number of Turns of the Great: 
wheel, or Fuſy 3 
. To the days of the Clock's conti- 


Rule 1. To 
Clock flriketh in one turn 


- nuance: 


: 1 So is the number of Strokes i in 24 


hours, vis. 156, 


. To the ſtrokes in one turn of the 
Fuſy, or Great-wheel. - 
le 2. To find bow many * the 12 
will go. 
As the number of Rirokes in 24 
hours, which are 156, 
\. To the Strokes in one Turn of the 
Fuſy or Great-wheel, © 
:: So are the Turns of the Fuſy, or 
Great-wheel, 
. To the days of the Clock's Continu- 
ance, or going. 
Rule 3. To find the number of turns of 
the Fuſy or Barrel. 
As the ſtrokes in one turn of the 
Fuſy, 


. To the Strokes of 24 hours, viz. 156, 


So is the Clock's Continuance, 
. "To the number of Turns of the F uſy, 
or Great- wheel. 


Theſe two laſt Rules are of no great 


Sect. 3. The Cock. part 37 ® 
uſe (as the firſt is) but may ſerve to 
correct your work, if need be, when. 
in breaking your ſtrokes into Quotient 
(of which preſently). you cannot 
come near the true number, but a 
good many Strokes are left remaining. 
In this cafe, by Rale 2. you may find 
whether the Continuance of your Clock 
be to your mind. And by this Rule 2, 
ou may enlarge or diminiſh the num 
er of Turns for this purpoſe. The 
praxis hereof will follow by and by. 
The two following Rules are to find 
fit numbers for the Pinion of Report, 
and the Locking-wheel, beſides what is 
ſaid before s 1. Inference 2. 
Rule 4. Io fx the Pin. of Report on 
the Spindle of the Great. wheel. 
As the number of Strokes in the 
Clock's Continuance , or in all its 
Turns of the Fuſy, | 
To the Turns of the Fu, 
:: So are the Strokes in 12 hours, 
which are 78, 12 
. To the Quotient of the Pinion of 
Report, fixed upon the Arbor of the 
\ {Great-wheel, MS A > 
But if you would fix it to any other 
heel, you may do it thus, as is be = 
fore hinted, vir. "4 1 581. inf. 2. 
. ei 5. Firſt find out the number of 
Strokes in one turn of the Wheel you 
intend to fix your Pinion of Report 
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up .(whic 1 hall Fs 300 bow, to. 
90 POR Mn i ; e * 
this, number, and 990 er griſing in 
the 0 0 is t 115 Quotiens, of f. the 
nion 3 i 
Or 12 Lake the x amber of Strokes 
12 one Turnof übe Whes), for the num · 
2 6 4 ol. Report, and 78 
ber fh Coum 1 ing) wheel, and 


vary (Fu to le er numbers, by * 
2. 5 5. of this C hapert. 


The foregoing kules, are of great · 
eſt, uſe, wy be en Shar; pe ak 


as; alth Wh * £ ks be a pply- 
ed, they ik ere I G 4 all. 


But the Rale ae h. will 
ſerve larger Clocks 1000. Le IO 
for the uſe of, leſſer Piece , Whoſe Con- 
tinuance is counted. by hours. 
Keule 6. This Rule is to find the ſtrakes 
in the Clocks Continuance, uz, As 
12, is to 58 :: 80 are the hours of the 
Glock's Continuance, to the number gf 
Strokes! 7 ati me. a ent! tin 0 . 
This Rule (I ſaid) may made uſe.; 
of for the largeſt ( lock ; bu en 
= be at the tropb hy of rec Abs 
Days 1 mtg. 1 8 Nexeas 10 Its . 
_ eſt way is. to EY the My es in one 


turn of e y;the number 
- 1915 Pie 975 08 


Turns) 


7 e m 15 h e 


Ds be 


ons) produce 1248 ; which are the- 
6-rokes in the Clock's dont inuance- IE 
You work by the foregoing Rüle, the 
hours of 8 days are 192. Then ſay, I2: 
78; in 

6 3. In this Paragraph, 1 ſhall ne- 
the uſe of the preceding. Rules, and 
by ex imple make” alf plain that melt 
fem obſcure id them. 

I begin with ſmall pieers 2 of which 
but briefly. And firſt, having pitched 
upon the number of Turns, and the Con- 
tinuance bf yu Clock, For muſt find, 
by the laſt Rule, how many ſtrokes are 
in 1 Continbance. Then (if you make 
the Great-wheel the Pin- wheel) divide 
theſe ſtrokes by the number of Turns, 
and you have the number of Striking- _ 
pins. Or divide by the number of Ping, 
and you hare"the number of Turns. 

Thus a Clock of 2c hours, with "5 | 
Turns of the Great wheel, hath 1 9 
Strokes. For by the laſt Rule, 12 75 2: 12 
30. 195. Divide 195. by 55 it t gives es 
13 for the ſtriking g Pips. I 

95012. ; 


oc if yon ehuſe 15 for Tok 
I your number of Pins, and 1 95 15. 
divide 195 hy it, it gives, 
15, for the number of Turns, 4s von 
ſee! in the Maren. 
As ſot the Pin. of Report, (ant "Y 


reſt of the Wheels, eng is fard im 
the 8 1. 
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wes f 2 Calculation of ; Ch. IT 
But ſuppoſe you would calculate the 


numbers of a Clock of much longer 
Continuance, which would neceſſitate 


you. to make your Pin- wheel further 
diſtant from the Great-wheel, you 
are to proceed thus: Having reſolved 
upon your Turns, you muſt find out 
number of Strokes in one turn of 

the Great- wheel, or Fuſy, by 5 2. 
Rule 1. Thus in an 8 day Piece, of 16 
Turns, 16. 8 :: 156. 78. So in a Piece 
of 32 Days, and 16 Turns, 16. 32:: 156, 
312. (Cee the operation of theſe num - 

bers in the Rule referred unto.) Theſe 


Strokes ſo found out, are the number 


which is to be broken into a conveni- 


ent parcel of Quotients, thus; 

„ PFirſt refolve upon your number of 
Striking : pins: divide the laſt named 
number by it: the Quotient ariſing 


hence, is to be one, or more Quotients, 
for the Wheels and Pinions. As in the 
laſt examples, divide 78 (the number 
of Strokes in one Turn of the Fuſy) by 
8 (the uſual number of Pins in an 8 da 
Piece) and the quotient is 9+, which 
is a Quotient little enough. So in the 
Month-piece : if you take your Pins 8, 
divide 312 (the number of Strokes in 
one Turn of the Fuſy) by it, the Quo- 
tient is 39. Which being too big for 
one, muſt be broken into two Quo- 
n tients, 


dect, 3. the Clockpart 4, 


5 * / . 
tients, for Wheels and | 
ro(65(65  Pinions, or as near as 
8)45(6 can be: which may be 7. 
6)48(8pins and 5, or 6 and 6 2. 

_ +. The latter is exactly 39, 
and may therefore ſtand: as you ſee 
in the Margin. 

The Quotients being thus determi- 
ned, and accordingly the Wheels and 
Pinions, as you ſee; the next work is 
to find a Quotient for the Pinion of 
Report, to carry round the Count (or- 
Locking) wheel once in 12 hours, or 
as you pleaſe. If you fix your Pinion | 
of Report on the Great-wheel Arbor, 
you muſt operate by Rule 4. of the 
laſt Paragraph. As in the laſt example 
of the Month-piece : by Rule 6, before, 
the ſtrokes in the Continuance of the 
Clocks going are 4992. Then by Rule 
4. ſay, 4992. 16:78 4347-3 or thus, 
for a Pinion and Wheel 4992 (1248. 
The firſt of which two numbers is the 
Pinion, the next is the Wheel. Which 
being too large, may be varied tog 
or 36) 9; or to F or 24)5, by Sect. 
2. 5 % bf ee e 

Theſe numbers being not the uſual 
numbers of a Month- piece, but only 
made uſe of by me, as better illuſtra- 
ing the foregoing Rules; I ſhall there- 
fore, for the fuller explication of what 
has been ſaid, briefly touch upon the 
| calculation 
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Cale of 


|  calentation/ olf the more uſuil numbers. 


The TA commonly wereaſe the. number 
tiikthg-pivs, and ſo make the Se. 


| 9 the Striking- wheel. Suppoſe 


vau take 24 Pins; divide 312 (the 
number of Strokes in one Turn of the 
Fuly) by it, and the Quotient is 13. 
© Which is litt le enough 
for one Qustient; 


ſtand as you ſte 
dunes in the Margin : where the Qiori- 
ent of the firſt Wheel is 13. In the ſe. 
cend Wheel of 72 teeth, are the 24 


; pins, altho its quotieht is but 12 be 
evi the · H 


goplwhee! i double, 


The Einen 0 Repert here, þ a hs 


ſamte wit elle Jaſt, fred upon e 
Aber 6f the-Gieatawhedk Mut if 


fr it bh the Arbe "of "the Reon, 2 
Pin- wheel, its "quotient! then is found 
by 8 1. Infer! 2. or by 8 2. Rule 5. be- 
fore: viz, Divide 7d by 24, and the 


number ariſi ing in the. qustient, ie the 


quotient of the Pinion of Re- 
120380 Za hich is 3 f. The 
pPointon f Report t em being 
12. the Count- wheel will be 39, as in 
Top ma, e231 1 4 
0 ch. eader in-4 what: 
a Section 


Wich 


of Calcolgthr;/1 weill Aniſh this 


and 
goes round but once in wo Sache of ; 
the Pin wheel 


Sect. 3. Phe Glock-part.. 
„Nuwich the calculation of a Year-yiews 
of Clock work. The proceſs: whereof 
the ſame with the laſt, and therefore 
may be more brief with this, except 
here I have not touched a the 
foregoing Rules. | 
We will chufe a piece to 90 295 days 
yith 16 turns, and 26 Striking pim. 
Zy « 2. Rule 1. there ars 385 ſtrokes 
n one turn of the Great- wheel. For = 
16. 395 :: 156. 3851. This laſt num- $24, 2. 
ber divided by the 26 pins, leaves 148 8. 4+ 13 
in the quotient, to be broken into two 
ot more quot ients, for Wheels and Pini- 
ons. Theſe Qudtients may be 12. and 
125 Which muültipli eie: 
ed, "makes 14 e ohn : 1» 
is as near as can well 8) 96012.” © 
be to 448, without 7 { 26 pins 
Fractions. The work: | 
\ W thus far contrived,” will land a you 
ſee in the Margin. „ 
e vou may 
correct your work, and ſee how near 
your numbers come to what you pro- 
poſed at firſt; becauſe: they did not fall 
- © out exact, and firſt, er l true Con- 
finuance of ycur Clock : I you maltiply' 
12, 12, and 26 (i. e. the Quotients and 
the Striking- pins) you have t he true number 
of Strokes, in one turn of the Great bel. 
Which, in this example, make 3744. 
For Ià times 12 is 1443 and 26 times 


1 that, 


— — 


156. 295. 165. almoſt. 


eiſe of the young Practitioner: but he 
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_ _ Laſtly, For the Pinion: of Report, 
if 7 x it upon the ee it 
wi 


ſee in the Margin. 


Fuba r Ch. lf 0 
that, is 3744. (This Direction I would 

have NaN” ang remembred, as a Rule 
uſeful} at any time to diſcover the na- 
ture of any piece of Clock · work.) 
Having thus the true number of Strokes” 
deſired, by s 2. Rule 2. you may find 
the true Continuance to be only 384 
days. For 156, 3744 :: 16. 384. 
If this continnance doth not pleaſe 


you, you may come nearer to your firſt Ni.. 


propeled number of 395 days, by 2 
ſmall encreaſe of the number of Turns, 
according to $ 2. Rule 3. viz by ma- 
king your Turns almoſt 16. For 3744 


Thus much may ſerve ſor the exer- 


may,” if he pleaſes, by the help of 
Fractions, come up exactly to his Quo- 
tient 148, by taking 


6) 74(225 two Quotients: in 
78 25 Ping which caſe, the work 
SY" will be as it ſtands 
in the Margin. 


require an exceſſive number: if 
you fix it upon the Pin-wheel (which 
zz uſual) then by 8 2. Rule 5. 
13)39(3 the quotient is 3; and the 
Pinion of Report being 13, 

the Count wheel will be 39; as * 
t 


dect. 3. The Clock part. 


But for the better exerciſing the Reader, 
let us fix it upon the Spindle of the ad- 
wheel 95. Its quotient is 12; which 
multiplied by 26 (the pins) produceth 
312; which are the ftrokes in one turn 
of that Second. wheel. Then by s 2. Rule 
5, divide 78 by 312. i. e. Set them as a 
Wheel and Pinion thus, 312)78, and 
vary them to leſſer numbers by Sect. 2. 
$5.) vis. 36) 9, or to 24) 6 or the 
like, and the work is done. 

I think it needleſi to ſay any thing 
of Pocket- Clocks, whoſe calculation is 
the very ſame, with what goes be- 
F fore. 1 | | 

That the unlearned Reader may not 
think any thing going before difficult, 
need only to adviſe him, to look 
over the working of the Rule of Pro- 
portion, in Sect. 2. 5 4. For I think 
7 will be plain, if that be well under- 

ood. 
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"SECT. 
Of Quarters and Chimes, 


T HIS being a Part of Clock work, 
which was never before treated of, 
the Reader will expect I ſhovld ſay ſome- 
ching about it: but becauſe there is lit- 
tle, but what is purely mechanical in it, 
Iſhall ſay the leſs, and leave the Reader 
to his own Invention. „ 
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S8. 1. The Quarters are generally 3 


the Halt hour, and lock at the ſecond 


i 1 Mal ng of Ch. I 


diſtinct Part from the Clock-part, which 


ſtriketh the Hour. 
© The'Striking-Whecl may be the Firſt 


Second, or Cc. Wheel, according 1 
your Clock's continuance. Unto which 
Wheel you may fix the Pinion of Re. 
ft 1 A 4 41 1 be Jt 
© The Locking · M heel muſt be dividel 
(as other Locking- Wheels) into 4, 8, ot 
more unequal Parts, ſo as to ſtrike the 
Quarter, and lock at the firſt Notch; 


Noteh, Cc. And in doing this you may 
make it to chime the Quarters, or ſtrike 
them upon two Bells, or more. 

Tis uſual for the Pim wheel, or the 


Loeking : wheel, to unlock the Hour - pat 
in theſe Clocks; which is eaſily done by 


ſome Joꝑg or Latch, at the end of the 
laſt Quarter, to liſt up the Detents of 
the Hour - part. þ eb: 

It you would have your Clock ſtrike 
the Hour, at the Halt hour, as well 2 
whole Hour, you muſt make the Lock. 
ing- wheel of the Hour part double 


i. e. it muſt have two Notches of a Sort, 
to ſtrike 1, 2, 3, 4, Cc. twice a piece. 
8. 2. As for Chrmes, I need ſay no- 


thing of the Lifting: pieces and Detents 


to lock and unlock; nor of the Wheel 
to bridle the motion of the Barrel, that 
e n being 
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being purely mechanical. Only you 
care to obſerve, that the Barrel muſt be 
as long in turning round, as the Mea - 
ſure or Length of the Tune, or as you 
are in ſinging the Tune it is to play. 
As for the Chime- Barrel, it may be made 
up of certain Barrs, that fun athwart 1 
it, with a convenient number of Holes 1 
punched in tham, to pbt the Pins in and [bl 
out that are to draw each Hammer. By - 1 
this means you may change the Tune, 18 
withont changirg the Barrel. i This was 
che way of the Royal Exchange old Clock 
in London, and of others. In this cafe, ei- 
cher the Bars muſt beat the! diſtance of 
the quicker Time, as a Quaver, Cc; 
ll which could not well be admitted of; 
or elſe at a wider Diſtance, as ſuppoſe 
ot a Sermbrief : And in this cafe, the 
he Pins, Or Nuts which draw up the Hams 
off mers, are ſome only of theni to ſtand 
upright in their Holes, and'others to 
keb:*nd off more or leſs, as ſuppoſe a 
»}Quarter, . Half, or of that Diſtance 
K between each Bar, accörding as tlie 
Notes are a Quarter, Half, or æ of a 
Semibrief, or the Diſtance between each 
Bar. Concerning the reaſon of which, 
ao more by and b. 
use But the moſt uſual way is, to have 
el he Pins that draw the Hammers, fixed 
bahn the Barrel. For the placing of 
ug hich Pins, you may make uſe of the 
Muſical 


; Muſical Notes, or proceed by the way In 
of Changes on Bells, viz. 1, 2, 3, 4, Ce. 


mall ſpeak of that chiefly, eſpecially be. 


many Notes or Bells there are from the 


tails. 


mers : and accordingly you muſt divide 


meer _ Chia 


The firſt being far the better way, I 


cauſe the latter will fall in to be explain Ihe 


| ed with it. N ; riefs 
And firſt, you are to obſerve what h 


the Compaſs of your Tune, or hoy 


higheſt to the loweſt: and accordingly 
you muſt divide your Barrel from end 
to end. Thus in the Examples follow. ere! 
ing, each of thoſe Tunes are 8 Notes 
in compaſs; and accordingly the 
Barrel is divided into 8 Parts. Theſe 
Diviſions are ſtruck round the Barrel 
oppoſite to which are the Hammer- 


I ſpeak here, as if there was only 
one Hammer to each Bell, that the Rea-Mi 
der may more clearly apprehend what Hlinu 
I am explaining. But when two Notes Niviſi 


bl the ſame ſound come together in 1g f 


Tune, there muſt be two Hammers to (hs 
that Bell, to ſtrike it. So that if in all Hg c 
the Tunes you intend to Chime, of 9 
Notes Compaſs, there ſhould happen to 
be ſuch double Notes on every Bell, 
inſtead of 8, you muſt have 16 Ham- 


your Barrel, and ſtrixe 16 ſtrokes round 
it oppoſite to each Hammer- tail. Thus 
much for dividing your Barrel from end 
to end. . N | In 


Wt. 2. Qarters and Chins. 49 


In the next place, you are to divide 
Wt (round about) into as many diviſions, 
chere are muſical Barrs, Semibriefs, 
Mſinums, Cc. in your Tune. Thu 
he Tooth Pſalm-tune hath 20 Semi- 
riefs ; the Song: tune following, hath 
24 Barrs of triple time: and ac- 
ordingly their Barrels are divided. 
ach Jvifion therefore of the tooth 9 
alm Barrel is a Semibrief, and of the - 
ong-tune tis three Crotches. And a 
herefore the intermediate Spaces ſerve x 
xr the ſhorter Notes: as, one third of ao. 
diviſion, is a Crotchet, in the Song- | 
une. One half a diviſion, is a Minum; 
nd one quarter, a Crotchet, in the | l 
alm tune. Thus the firſt note in the | 
ooth Pſalm, is a Semibrief, and ac- | 
xdingly on the Barrel, tis a whole | 
vifon from . 5. The ſecond is a 
linam, and therefore 6 is but a half a 
iviſion from 5; and fo of the reſt. 
nd fo. alſo for the the Song-tune, which 
ſhorter time: the two firſt Notes be- 
g Quavers, ate diſtant from one ano- 
er, and from the third Pin, but half 
third part of one of the divifſions. 1 
ut. the two next Pins (of the bell 3, bY 
) being Crotches , are diſtant fo ll 
any third parts of a diviſion. And 
e next Pin (of the bell 1) being a [8 
num, is diſtant from the following = 
1 (4) two thirds 5 a diviſion. 1 _— 
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From what. hath. been cee may 


conceive the ſurface e 
to be repreſented in eſe Ne 
ſtretcheth out at length: or (to ae 
pla iter) fthat if y6uwrap efther of theſe 
Tables wund 2 Barrel, the Dots in the 
Table, will ew the ces of the Pins 
to be ſet on the Barrel. 10 

You may bbferve in the Tables that 


from dhe end ot each Table te the be- 


ginning, is the diſtance of two, or near 
fywo:-drviſious >: which is for a Pauſe, 
between: the end of the Tune, and its 
beginning to Chime again. 

I'need ndt {a1 y,rthatthe Dais running 
Molit the. Tables are the 1 5 of !the 
ping that are fo draw the Mane, 
and ſo play the Tune. | 

If yon would have your Chimes com- 
pleat: ĩindsed, you qught to have a ſet 
ot Bells, to the Ga 
each Bellhhhaving true ſound of Sol, 
La, Ai, Fa, you may play any Tune, 
with its F. 21 and Sharps. Nay, Nau 
may by theſe means, play bo 
— 2 * e 

any thing going betete, a Pears: 
ptberifft,:0 can't help it, unleſs L ould. 
here teach the skill of " Maſick too. 

As to ſetting a Tune upon the Chimes 
barrel from the number-of Bells, viz, 
I, 2 2 A, I ſhall here give you a ſpe- 
dmen thereof. 


. The 


at-notes ; ſo as that 


55 1 " Making off . wh Ch. II 
* | The Tane called, Such | command « 0 re 'e my 
"Pate, in nombers. 


Yar th ; 


775, 3, 3, 1, 4 5,6, . 2. 
- 4433 , 3, 4, 6, 33 5, 7 75 7 
38 95 17 3. 
6, 5, 75 55 33 41, 3, 5, 5 5. 
35 3» 1, 3, 5: 554. 2, 4, 6. 
4. 31 235 e e 


Note, In theſe numbers, 2 en [ 

fi enifies the note before it, to be a Crot: 
chet. A prick'd Comma, or Semi co 
Jon [z] denoteth a prick d | Crotch 
And a Period [.)] is a Minum. When 
no Punctation is, thoſe Notes are Qua 
vers. 

1 ſhall only add further, that by ( 
ting the Names of your Bells at th 
head of any Tone (as is done in t 

Tables before) you may eaſily trans: 
that Tune, to your Chime+barrelie . 
without any great skill in Muſick. Bt 4 0 
obſerve, that each line in the Muſic 1. 
is three notes diſtant; i. e. there is volt 
Note between each line, as well % Be; 
upon it: as is manifeſt by inſpecting nion 
the Tables. 


; 


| 


ect. 5s. © Calculation of us 


$* (1 Fig 7 x | FRY by 
To Calculate am of the Celeſtial Motions. 


The Motions I here chiefly intend, 
are the day of the Month, and Year, 
he Moon's! Age, the Tides, the Mo- 
ions of the Planets; and if you pleaſe, 
F their. Secondaries or Moons, and of 


he Platonick Year, or Slow Motion Fel 
"Wt the Fixt Stars, 9 0. 1 
s 1. For the effecting theſe Motions Li 
Watch wotk, you may make them to Fl 


epend upon the Work already in the 
ovementz or elſe meafure them by 
e Beats of a Balance or Pendulum. 
If the latter way, you muſt how- 
Fer contrive à Piece (as before in 
atch- work) to go a certain time, - 


thFith a certain number of Turn... 
sf But then to fpecify, or determine 


rreſhe Motion intended, you muſt pro- 
Buſted one of theſe two ways: either, 
fic 1. Find how many Beats are in the | 
is &volution. - Divide theſe beats by e 
1 Beats in one Turn of the Wheel, or 
Jiofinion, which you intend ſhall drive 
e intended Revolution: and the 
notient ſhall be the number to per- 
m the fame. Which, if too big 


Cone, may be broken into more 
otlents, | ik you would re- 


3 preſent 


 Quoti*nts. Or, 


this. fon Re dmurt 4199 1 07 


© CHewationof the © Sed ob. 
preſent the Synodical Revolution of (VO 


the Moon, (which is; 29 days, 121 
hours) with a Pendulum that ſwings ours 
Seconds, the Movement to $b' 8'days, 
with 16 turns of the Fuſy, and the Pork 
Great⸗wheel to drive! the Revolution, 
Divide 257 5 O (the Beats in 29 days 0 be 
12/9 hotrs}-by AN οοανh Ruts in oneſ 
Turn bf'th; Great. het and y will 
have tg in the/QuofÞgt -'which'being 
tos big- {or ons, may be put into two 


: 2. Wu mayuipdarted=-as is. Airectedfeu 
betete lim tie \S*Etlon of ealeulatingf 
Watch wörkx, Le Chaſe your Trains 
tnpbgvof thet Fady, (Corimuatice; ko 
And dhen inffead of finding a Quotient 
forthe Pimon et Report, find a num. 
ber (whieh isrzalle end as © Pin of Re. 


1 


por To pra Bur Revolution) b. 


Nile the Boats in <6n& urn" 
the GiegtWhee), . or any*othet Wheel 
which: J : wonld® have to Crive the 
Rsotutfsg-Werk ?( is tothe Train. 
Share hid HU of the Revoltition! e 
wage 2 tothe Quottent' of 
(96m ell} En wo foi 1 e 

pub to pet ſoran the Period of Sata 
(which aserdbng tö ſd meg is 29 years 

185! 9998) iR a T6 boar! Match, of 
28558 podle in vn turwof the Fuſy; and 
207 95, ehe Train ItheQuotiairot!th 

| 2104 7 Revolution 


i. Hep Coleſtial. Motions." 


evolution will be 193824. For as 
; ($4923; To 20196 * 80 258432 (the 
Nuts in 29 y. and 183 d.) To 193824. 
Fete here, that the Great: wheel Arbor- 
Pork is to drive the Revolution work. 
But if you would have the Revolution 
2 be driven by the Dial- wheel, and 
e Work already in the Movement 


noſt part; ad nice las the Iaſt way, and 
which L intend to treat of the par 
cular) Motions); in «this caſe; I fax, 
Out; purſt. firſt know the D ays of the 
online » And + becauſe ; the Dial» 
Inge hemumoml y godth tound twice in 
6 þ nhetefdrei double the, number 
tha days in the Revolution, and you 
we the number of Turns. ot the Dial- 
eehinthatetime. This number of. 
iii whit pod are tobreak:mto a 


Wheels and Pinions ; sn thalt'be- 
ewed in the folbwing examples. 
$ 2j © 1 to Kiew the Iny of 
M , : 134 01G. U 210971 
0 1. dana in tha: . 
Tasse He ar 
Nec turns lots the kt yriechiths 
My 81 bnokeny :Intoc{theſs-rwo qu) 
ts 15 f aud 4 avhich multiplied 
| ether make 62. Therefore chuſing 
r.,wheelwrhdd Minors; as Rath 
en A in the tor mer Sections, 


D 4 * 


hichintGeelt: Revolutions, is for the 


preaicptonantber: of Quotients;! for” 


i: Montlh HreDghtred. 
2; whichlaves 32. 
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of many W 


uſual way in the Royal Pendulum 


ga: which Wheel has the Pinion 4 i 


Sn of the Sect. 
yo work is done. Th 
405 20 I FT heels and Pinions may be 
5)20(4 | as you fee done in the Mari? 
Sin. Or if a larger Pinio 

chan one of 5 be neceſſary, by reaſol 
it is concentr ick to a Whee 
3620152 you may take 10 for dM 
10040 Pinion, and 40 for t 
Wheel, as in the Margin. 

The work will lye thus in 
Movement, vis. Fix your Pinion iq; 
concentrical to the Dial-wheel ( or t 


turn round with it upon the ſame Spin | 
dle.) This Pinion 10 drives the M 


its center, which carrieth about a Ring 
of 62 teeth, divided on the upper id 
into 3h days. 
Or, you . without the troub] 

heels, effect this motio 

vis. By a Ring divided into 30 or 3! 
days, and as many Fangs or Teeth 
like a Crown-wheel Teeth, which a 
caught and puſhed: forward once in 21 
Hours by a pin in a Wheel, that goet! 
round in that time. h is thi 


and many other Watches; and therefo 


being common, I ſhall ſay no more of it 
S 3, 4 Motion to Her the Ae of t ) 


Moon N 
{ The Moon finiſheth her courſe, Fe fi 


as —— the Sun 1 in 29 days, an.” 
a litten 


Ch. II. Celeftial Motions... 


venient Quo- 
$0)59(5.9. - 4)59%(14% tients: which 


4)4o(10 10)40(4 may be 5 Hand 
Me 10, as in the 


cond example in the Margin. So that 
you fix a Pinion of 10 concentrica 


With your Dial wheel, to drive a Wheel 


I will carry about a Ring, or Wheel 
59 teeth, once in 295 days. Which 
ing may be divided into 293 parts; 
t carry an Index to point ts a circle 
divided. 
* Fear, the Sun's place in the Ecliptick, 
m Riſing or Setting, or any ot her annual 
Wotton of 365 days... 


may be broken 
N73(184 4) 73018 into theſe quo- 
Naos 4932068. tients, vis. 18 
72004. 4) 2005 2, and 10, and 
| | 4, according to 
e firſt example; or 18 , 8, and 5, 
nt 
tl 


on of 5. is to lead a Wheel of 20; 
D 5 which 


I little above an half. This 29 + days 
not regarding the ſmall exceſs) makes 
9 twelve. Hours, or turns of the Dial- 
yheel, which is to be broken into con- 


ſt example; or 14 + and 4, as in the. 


Af 40 (according to the laſt example). 
ich Wheel 40 drives a Pinion 4. 


§ 4. 4 Motion to ew the day of the Id. Ib. 


The double of 365 18.730, the Turns 
the Dial wheel in an year: which 


cording to the ſecond, Sa that a pi - 


—— 
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Autom, 


& 35+ 


1d. Ib. 


Into the 12 months, and their days; or 


ble, than the Moons Ring (before men. WH 


Calenlation-of ib Ch. Il, 
which gun by 1 Pigiby 5 er 
Wh. of 404 wh at oy a of 
carriethabout aWh.orRing of 73, divided 


* 


into the 12 Signs, and their Degrees; 
or into the Suns Riſing and Setting; &. 5 
For the iii on of which laft, you . 
baye a Table in Mr Oigbtred's Opuſculs, 2 
or it may be done from any well cal. i 
culated Almanack, (41 ** 
8 5. To ſhew the Tides at any Port. 
This is done without any other trou- 


tioned 8 3.) to move round by a fixed 


Circle, divided into twice 12 hours, and = 
numbered the contrary way to the age of | 
the Moon. 0 30 
To ſer tms to go right, you muſt find — 
ont at what point of the Compafs the 1 
Moon makes full Sea, at the place you 1 
would have your Watch ſerve to Convert j 
that point into hours, allowing ſor every 1000 
point North or S. loſt, 45 min. of an 15 
hour. Thus a Lendon bridge tis vulgarly mY 


thought to be, high Tide, the Moon at hin 
N. E. and S. Weſt, which are 4 points 
from the N. and 8. Or you may do thus 
by Tide Tables, learn how many hours 
from the Moon's Southing, tis High: 
water. Or thus; find at what hour it 1s 
High-water,at the Full, or Change of the 
Moon: as at Lowdon bridge, the full 
Tide is commonly reckoned "ny 

| C 1OUls 


Ch. H) Gen otiun. ” 
hours from the Moons Southing 2 OT” 
#t/2 of Clock. at the Fell andeChange. 
The day of Con jund ion, or New- 
Moon; with little tudo point; being 
ſet to the hour ſo found, will after 
wards point to the hour of full Tide. 
Thie is the ufusl way; but it being 
always in motion, as the Tides ate not, 
4 better way may be found out, "wiz. 
by cauſing” a Wheel, or Ring to be 
moved forward, only twice a day, 
and to keep time (as near as can be) 
with Mr. Flamſtoed's moſt correct Ta- 
bles. But this I fnall commit to the 
Readers contrivance, it being eaſie; 
and more of eurioſity than uſe in it. 

$ 6. To Calculate Numbers, to ſbew tbe 
Motion of the Planets, the flow Motion of 
thiifixed Stars, &c. 1-3: | 
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Having ſaid enongh before that may 
be applied here, and given Numbers in 
Chap. 16. which may be. ſufficient to 
exerciſe, and inſtruct the Reader in 
this matter, I halb net therefore trouble 
bim offfwel! my Book with ſo many 
whHds,” 6s would be required to treat of 
thife” Motions” diſtinctly, and com- 
pleatly. f 2 
Only thus much in general. Know- 
ing the years of any of theſe Revoluti- 
ons, wow may break tllis number into 
Quotients; it you will make the Revo - 
lution to depend upon the Veats moti- 
8 | | On; 
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i dut. Comp. Sir Jonas Moors account of his large 
N 117. Sphere going by Clock work, will il. 


CLCalaulation of the Ch. II. 
. on; which is already in the Move - 
ment, and deſcribed 8 4. before. Oe. 
if you would have it depend upon the 
Dial- wheel, or upon the Beats of a 
Pendulum, enough is ſaid before to di- 
rect in this matter, 1115 
In all theſe flow; motions, you may 
ſomewhat ſhorten your labour, by end- 
leſs Screws to ſerve for Pinions, which 
are but as àa Pinion of one tooth. 


luſtrate this paragraph. In this Sphere, 
is a Motion of 17100 years, for the 
Sun's Apogeum, performed: by 6 Wheels, 
thus, as Sit Jonas relates it; For the 
& Great-wheel fixed is 96, a Spindle- 
4 heel of 12 Bars turns round it 8 
4 times in 24 hours, that is, in 3 hours; 
* after theſe, there are four Wheels, 20, 
73, 24, and 75, wrought by endleſs 
Screws that are in value but one; very 
* therefore 3, 10, 73, 24, and 75 mul- 
© tiphed together cont inually, pro- 


v. Sect. 1. “ dug th 7.84000 hours, which divid- 


84 5. 


* ed by 24 gives 3285000 days, equal 
*-ta.cQO years. Now on the ſaſt w eel BT), 
**-75 18 a Pinion of 6, turning a great 
« wheel, that carryeth the Apogeum | 
number 114: and 114 divided by 6, 
*.erres 19 the quotient: and goo times 
410 is 174 co years. un. 
Thus 1 have, with all the perſpicu- wou 
ny 


ty L. could, led my Reader through 
he whole Art, of Calculation, fo much 
it at leaft, that 1 bog he il be 
after. of it all; not only of theſe 
Motions., which I have particularly. 
reated about, but of any. other not 
entioned: Snch,as the Revolution of 

he Dragons Head anc Tail, whereby 

he Eclipſes of the Sun and Moon are 
ound, the Revolution of the ſeveral 
Orbs, according to the Ptolemaick Syſtem, 

xr of the celeftial bodies themſelves, 
according; to better Syſtems, with mas 
uy other ſuch, curious performances, 
yhich have made the Sphere of Archi- 
nedes of old famous: and ſince him, . 
that of Villiam of Zeland, and another n,'g,;; WM 
ft Jauellus Turrianus of Cremona, men- I. 17. {'Þ 
tioned hy Cardan, and more lately 
thoſe - elaborate and curious Pieces of | 


oo 


Mr Watſon, Mr Tompien, and another 
very lately of Mr Rowley. 


a th. * 4 


» — — 


| „CH AR j. 


Io alter Clock-work, or convert one 


"|| Movement into another. 


y T L defign for the uſe 

ol ſuch, as would convert old 
Balance Clocks into Pendulums, or 
would make any old work ſerve for 


5 


9 


Will & 


preceding 
wal tigke: all Plain. IN 


To A Wolbidp l. 


che Tryalef geit Motions, o would ay 


phy at to any other fue BAS Re 
oY: 17 Tao Yee re q 
IR: And ſo y 
what Quotients'yon have; and 
you will want. To do all which, 


Sehen e of 'ybttr dd. 


9 e ſufficieht iniſtfpt 
t lore" inf 2 
p 


s 2: Let us chule, ines E 
old Balance Watch to be turned into 
Pendulum of 6 Inches. The old work 


is, the Great:wheel 56, "the Hoon 7 


the Wau Wheel Wo the” Pimon 63 

0 "the: .Crown-wheel 19, 64 
4d * The Scheme of this work i 
— in the Margin. The Quo- 
7 56068. tients and Crown- wee land 
605419 2 Pallets murkiplieg togethet 
— - 46ntiually ; prodiice 2736 
19 which are the trokes of the 

Hsalance, inonèe Turnof the 
_ Great-wheel, by. Seck. IS 4. 5 of the 
laſt Chapter. And by the Quotient 
of the Dial uſheel, ( whioh is 12) it ap: 
pears, that the Great «- wheel goth 
round once in ar Row. Or youtmay 
find the Beats in an Hour, by 5 Jaſt 
citeck Having thus found the Beats 
im am Hour; ef thb did erH, wü muſt 
nent findrtle Ratsain an Hobriof 46 
InclesRendulath prob wlyoen may 00 
by? the Tubledn Clap: 5; $14. allow 


bag ; according to which the Number 
15, 


Cu. II. 


LIch. nl. Th Alter Clorck-work, 63 
5 5 $204; Pa 2736, (and you! 

| i. 9 3 Ie Quotient, 
760% 204433 which is to de added 
MW 7 oa to the Scheme of the 
al old Work. This quotient is 3 and near 
b as ou fee in the Margin. But to 
18 d the trouble of Frictions, let us 


Make it 3232 2 7 
y The work thus altered, will and i 
in as you ſee in the Margin, 


a Q4f(1.2 vis. a Pinion 6, and a con- 
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1 trate-wheel 21, muſt be 5 
375608. added. RUDE i 
1 05409 |, ny According to-this way, in 
CW 6)21(3 + the old work will ſtand as 10 
0 — before, only the Crown- A 
17 19 wheel muſt be inverted. 9 
bd $ 3. But becauſe the Crown wheel ba: 
et is too big for the Contrate wheel (which 9 
„is unſeemly) therefore it will be beſt to 1 
be make both the Contrate and Crown- bp 
nll wheels new; and increaſe the number i 
NM of. the Contrate wheel, but diminiſh: 1 
nt that of the Cromn wheel. To do Which, il 5 
0 pitch upon ſome convenient number = 


jor the Crown: wheel. Multiply all 
che Quotients, and this new Crown-/ 
il wheel number, as before; and divide 
" 9204 by it. As ſuppoſe 0 ppg 2 
on 1 tor the! Crown wheel ; 
mukiply: 8, 9 and 19, ag * SeRt. . 
79 which multiplied by the 2 Pallets/'s 6. 
makes 1584, which are the Beats in 
one turn of the Great. wheel, or in an 
hour 


* 
4 234 b 
: b 5 
. 
a * 
* 
K * 
N 3 „ 
9 9 
* 
„ . 
we - * 
4 ” 
* 
4 


change the former old Watch, 


7 Alter Clock-work. Ch. Ill 
hour. Divide 9204 by it, Nr you 
have near 6 for the Quo. 


480 12 tient of vourContrate- wheel. 
7)56(8 The work thus ordered, will 
605409 ſtand as in the Margin. 
603606; lf you would eorrect your 

— wok to find the true num. 


11 ber of Beats in an Hour, Cc. 

you muſt proceed as is ſhewn 

Sect. 2. 5 7, and latter end of $8 of the 
laſt Chapter. 

5 4. But ſuppoſe you have a mind to 

into 

a 30 Hour · piece, and to retain the old 


| Balance-wheel (which may be often 


done: In this cafe, you muſt add a 
Contrate-wheel, and alter the Pinion 
of Report. For the Contrate wheel, 
chuſe ſuch a Quotient as will beſt 
ſuit with the reſt of your work; and 


then multiply all your Quotients * 


Crown-wheel and 2 Pallets together, 
and ſo find the number of Turns in 
the Great wheel, as before. Then ſay 
by Sect. 2. $7, paſt 5. before; as the 
Beats in one Turn of the Great-wheel, 
to the Beats in an Hour: : So are the 
Hours of the Dial, to the Quotient of 
the Pinion of Report. 


Thus in the old work before; to the 


N old Quot ients 8, and 9, you may add 


another of 8, 


for the Contrate- wheel. 


* mulüplied, as was now directed, 
i 1-14, make 


Ch. II. To Alter Clock-Work. 


make 21888, for the Beats in one Turn 
of the Great- wheel. And then for 
the Quotient of the Pinion ot Report, 
lay in numbers thus, 271888. 9368: 
| 12. 5. The Quotient for the 
60300 5 Pinion of Report is ſomewhat 
7) 56083 more than 5, which overplus 
1059 may be neglected, as you ſee 
0488 by the Scheme of the whole 
1 — in the Margin. 
1 IT you deſire to bow what 
1 i of Turns the Fuſy 
I nuſt have in this work; ſay by the laſt 
Nauoted s, 1, in numbers thus, 
2125s, 9368: 30. 13 almoſt.” 80 that 
| W neari13 turns will do 
| 
| 


If you would corre& your work! a 


know the exact Beats, c. you are re- 
erred to directions in the we of the 
; laſt paragraph, oo + 
But p in tering an old Wat, 
you would have it ſhew minut 
well as Hours; you may do it 


Great-Wheel, by the Beats in an hour: 
the Quotient will ſhew'in how many 
Hours the Great-Wheel goeth round 
once. If the Beats in the er 
exceed the Train, you muſt chuſe 

Minute · Wheel firſt, and multiply it york 


the Quotient found ; this will give the 

But if che Train en 

of 'the ney Wheel, 
f you 


Pin. of R 
ceeds the 


Divide the Beats in one Twn of the! 
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* To Ae Cloek-Mork. Oh. f. 
you muſt chuſe the Pin. of: Report and 
— the Quotient by it: the pods 
duct is the Minute Wheel 
But it often falls: ent, that the 
Train and Beats of the Great- Wheel 
will not exactly meaſure: one another: 
if ſo, the beſt way is to half the two 
numbers as, fat ag they will equally 
admit, of "Vf r divide en by 
ſome common !divifon; and ſo having 
bronght-them: to ad (mall: numbers as 
vou can, you may ſuppoſe them to be 
a Wheel and Pinion, and reduce them 
to leſſex numbers; by Chap 2, Sect. 2 
955 Ibm foppoſe you :wauld Sake 
old Movement Haſt mentioned a 
Minute- Watch; you may reduce the 
numbers of the Gieak. Whrel 2 7888, 
and the Train 9368, to a Pinion and 
Wheel 28) 12. by the digections flaſl 
yu ed. Which Minh AB being qa ufbn 
Spindletofthe Gr. W H. Wall drive 
4 Wheel 42 round once in anlfhour, to 
ſhew Minutes. If (as in tha Mowendentt 
> 4; h. a gout make grbbss MN. 2 
wwe avotheniof Af N comrentoanh] $0: 
whichz 18 80 iu Arteing a; Wheel 
326 (Which Wheel 1s nopteatmed] ui he 
the Minute wheel) this will catryu Hand: 
round in 12 hauts. But in this da ſez yon 
muſt ace the Nin. eee of: 
the Gris Mh. do as 1 
enen radio Miriſie- und to 
bectrfie the Watch. net, 


Wfffye Nl) 


a 


* 
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ch. I. To Alter Clock-Work. 


$ 5, 1 ſhall add but one thing more, 'N 
0 7 hath been ſaid in this Chapter, = 
ind that is to change the firiking part —_ 
of this old Movement, into a 38 /h6ur KR 
Piece, N 


Scheme of the old 
42 9%/%%% Work is in the Margin. 
Jed pins Audio Attet᷑ it, the beſt 
6)54(9 way is, to double the 
88. „ nugnber of Steiting Pigs 
making the 8, lixteen pins, 
and the Hoop of the © Detent-whitel 
double, that the Pin- Wheel may ſtrike 
two Strokes, in its going round once. 
Ie geuteſtusiſſcanveſliener Pere; 
will 6&0 bhiche the Fapidity of the 
ſtrokes; which n Quotient of 2 ,aldne! 
added 15 the old wor k; would be fuffici-. 
ent jor cht this being an meorwenteat: 
—— rye tdi be cunt 
tent widithere) & numbers, ff orf AE 
more ML iabd Pinions net thun 
may be thought worth the while 
If you would find what number of 
Turns, the Fuſy will require; you mult - 
n 
by:SeQIto 1181494, Rin hetote. 2 Bltefeia 
I95z which divided by the su 
pives ſomewlat-morethan-r2 Turns bf 
te Fuſy. r yo. ile noms bog 
Laſtly, for the Pmjoitof Reporte 
vou mut pur ſueiſtiie ie %. th 
aft Faid, RE Nn m flo en 
98 1 The 


* 
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—— a: The work thus al. 
79560 16 pi ins tered. will ſtand as in 
Nas? the M a 


5 


CHAP. W. i 
proportion them to each other, 2 


8 = or the exact and oulls moving 


Rn it is neceſſary that they ſhould 
fit each other, by having their Teeth 
and Leaves of the ſame wideneſs, or 


do make the Leaves of the Pinion nar- 
rower than the Teeth of ” Wheel, by 
reaſon of their running deep in each 
other; which is as if the Dinneters of 
the Wheel and Pinion were |: fs. But 
this | leave to thoſe whoſe practice and 
obſervations. are greater than mine in 
theſe matters. 
| 8 2. To make the Teeth of 2 Wheel 
l and Pinion alike, the way 4ithmetically 
| is thus: Firſt you muſt find the Cir- 
133 cumſerenet of me Wheel and 'Pinion 
eee 


To fi Se hi Wheels A Pinions or ll: 
e and Mechanical * 


of the Wheels and Pinions to- 


near of the fame wideneſs. For many 


l. IV. 4109 Sixe, Sc. 


Three (ſs often made uſe of before.) 
The Rule is thus, As 7 is to 22: f ſu is 
the Diameter to the Circumference. 
Or more exactly thus, as 1, is to * 
1416 :: So Diam. to Circum. 

Suppoſe you have a Wheel of 2 inches 
diameter, and 60 Teeth, and would fit 
to it a Pinion of 6 Leaves Firſt 3. 22:: 
2. 6, 3. The circumference of the Wheel, 
is then 6 inches, and 3 tenths of an 
inch. Then ſay, as the Teeth of the 


g thus 60. 6,3 :: 6.,63- The Pinion 
„Ichen is 63 hundredth parts of an inch 
d round. F 

h Now to find the Diameter, tis but 
r tie reverſe of the former Rule, viz. 
As 22. to 7 :: So.the Circumference 


the foregoing Pinion, - 22. 7: 63. 2. 
The Niameter then of the Pinion muſt 
be two tenths of an inch, to fit the 


fer 


Pinion 


to the Diameter. In numbers thus, for 


aforeſaid Wheel of two inches Diame- 


'$ 3. But becanſe this way may be 
difficult to perſons unacquainted with 
Decimal Arithmetick, which is very 
neceſſary here; therefore I ſhall ſet 

down a way to do it Mechamcall,, Ha- 

ving drawn a Circle, divide it into as. 
many. parts'as you intend Leaves in the 


Wheel to the circumference of it: : Sir F. pwr 
8o are the Leaves of the Pinion, to the Mar. N 
cireumference thereof. In numbers Com. R. 5. 
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"To Se Sc. Tl. V. 
on von Would ffae. From two of 
Fabre mts in' the. Geh Faden 170 5 
e Ants to che A to Which 1 
y % of the: Test ybur"Whes 


guiding them” wp” and Aich until they 
touch at the ſame width gn theſe Rad: 
or Lines. Mark where this Agreement 
is, and a, faralf circle drawn there, will 
7 ſont the . of the bini 
weh alter. bY $ wel ys oQ 115 
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841. „Able all We Abels 
none meaſurethi Ti nie ſo re. 
gularly, as that of a Pendulum. But 
yet Watches govern'd hereby are not 
ſo perfect, but that they are ſubject to 
"a variations of Weather, Foulneſs, Cc. 
And the ſhiorter and leſſer the Pendu- 
lum is, fo much the more ſubject ſuch 
Watdhes'are to theſe annoyanees. 
As to the Cauſe and Degree of theſe 
Varkaions;” the following: Experiments 
will in fome meaſure difcover, which 
the * f 
all t ear, Pin a5 reat exzanels; 
as! 1 bellevs-any" ofthe 8 


are 


upon my ovn Clock, that: goes 


the preſenit Clocks: 


Ch. V. To Sime, Fc. 

ire capable of.' The Chek vibrates Se“ 
e conds, the Ball off the uſual dei 505 655 
bout 36 pr ſuchia br b üg 
der as is deſribech's feelin 
and 1 is Siprelentnd'i in Fig. 1. Num! - 

This Clock having for ſome Tears 
kept time as welb as could be expected, 
hung upon its Weight an Addition 
„Jof 6 Pound id ] and September 
os and in July and Auguft 170%, and 
afterwards in Ofober and November 
1712. This increaſe of the Weight, 
although it made the Vibrations lar- 

ger (as I found by un Index 1 have for 
4 ſe) nyeb were they the quick- 
er, and — the Clock gain About 13 
Seconds every day; even in theſe war- 
mer Months when all Pendulum C locks 


rm C7 pos © Go 4 + 


are apt to go toe flow; + as moch as in 
e- Winter — 42 too faſt. 
And from bence we may nienifeftty 


perceive what the Cauſe is of thoſe Va- 
rations'which the Weather, Foulneſs, 
S produce in the going of Clocks; 
and that is the Power of the Weight or- 
Spring that drives the Work is — 
or diminiſhed! thereby. Thus warm 
ſe ¶ Weather (by attenuating the Oyl, Nc.) 
ts and Cleaneſs, give the Weight | or 
ch Spring their fall power,” or force. Bi 1 
es Cold, Winter Wentherthibkens the | 

is; Iin the Pivot-holes, And alſo makes f Y 
Metal rigid, and indeed contracts ir, 
re 8 a8 


= Of Penduluris.” Ch. V. 


as I find by Experiments on warmed, I B 
and frozen Iron. And Foolneſs in the I con 
Oyl makes it ſtiff and tehacious, like N the 
Bird- lime. All which, as it clogs the N and 
Work, ſo as ſometimes to ſtop the its 
Clock s Motion; ſo it-diminifheth the {mol 
Foree of the Weight ot Spring, and in MY . 
effect is equivalent to the taking off ſo Mr. 
much weight, or ſtrengt h. mal 
This is the Principal Cauſe of the Al. ¶ betu 
terations in Pendulum -· Clocks. Beſides bir 
which there are ſome leſſer Cauſes; ume 
as the Rarity and Denſity of the Air, Nbeli 
which, hath ſome influence upon the 
Pendulum moving in it; as apears from 
Mr Derbam': Experiments made on 
Pendulums in the Air-pump in Philoſ. Puli 
Traiſ. Number 294. Alſo as moſt long 
Pendulums have commonly ſlender 
Rods, which may be obſerved to bend 
a little at the end of each Vibration; 
ſo the Cold or Warmth of the Weather, 
by making the Rod more rigid, or 
more flexible, makes ſome little altera: 
tion in the Vibrations 
Io remedy this laſt inconvenience, 
L know a Watch maker that makes his 
Pendulum- Rods thin, but broad at bot- 
tom next the Ball, and ſo tapers them 
up until they end in the Spring at top. . 
This he cryed up to me as a wonder- 
nl, diſcovery, and kept it as a great Nun 
Noftrum and » came ay 
ut 


Ch. | V. . Of Pendulume, | 


But lor 4 Bencral remedy to all in- 
conveniences, one way is, to make 
the Pendulum long, the Bob heavy, 
and to vibrate but a little way from 
its ſettlement. Which is now the 
noſt uſual way in Exgland. The other 
is the contrivance of the ingenious 
Ar. Chriffian - —_— which 1s, Is 
make the Part of the Rod, Play 
„between two'cheek parts of a Cyc 
vir Jonas Moor ſays, . after ſome Mat. | 
time, and charge of Experiments, he _ 
believes this latter to be the better way, Rule. 3. 
And Mr. Ehiygens calls it admirable. 

If any deſite to know how to make 
ole Cycloidal Cheeks fit to all Pen- 
dulums, I refer him to the aforeſaid 
Eu is Book, becauſe I can't De Hool. 
ewt to do it, without the trouble Oil. p. 10, 
F Figures; and "this way is much 1,12. 
eaſed „ ſinee the Crown wheel me- 
bod (to Whieh it # chiefly proper) 
8 ſwallowed vb by the Royal Pen- 
nlums. 

8 2. Anvther- thing to be remarked 
Pendulums is, that the greater their 
ibrations are, the lower they are. For 
two iſochrone Pendulums do move, 
ie-the quadrant of a cirele, the other 
t above 3 or 4 degrees, this latter 
hall move ſomewhat quicker than the 
mer,” Which is one reaſon, why 

mal a wheel-\Pendulums g0 
ut E ts faſter X 
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faſter in cold ene or mne 80 
than at other 7 10 2420401 W 
_ * +114: Se For the: c ulation of all Pen As 
dulums, tis neceſſary to fix upon — 
one, to be as a Standard to the reſt... ] 
pitch upon a Pend. to vibrate Second 

each ſtroke. it, oi i 
Mr. Huggens lays. down the length! d 
a Pend. to ſwing: pds-to a 3 feel I ba! 
3 inches, and 2 te an inch (20 the 
„ cCeorqding to Sir F. Moor's reduction of i Per 
-Ibid. fo Eyglhfh meaſure.) . NAI £9 22 
de Henontabis, Lord, ae 
(faith Sir Jauat) , wand Mr. Rod 
wid · © found the length tobe 3g. 25 inchal; 
e which a little exceeds the other 
. © and may be, was juſtened hy Mr. H 
* gens's Rule for the Center f "Ofcill 
ation. For Aout b Pendulum, the 
„ hall vibrate 132 times in a mipute 
ait will be found likewiſe? 8. 1 inche 
4% agteeing to 8% inchesd Engl 
„ Therefore for certain 39,2 inche 
« may be called the Univerſal, Meaſur 
7 race fr on,-.to[be;the near lengt 
<« of a Pend.. that. PA bing Secon 

each vibration. 

But foraſmuch as 1 U;fforent ſize | 
the Ball, will make ſome. difference! 
the length of. 2 05 ern bench The 

s therefore to mak ang br ame 
| fol Meaſie, to fi 5 Phe ml, i 
you muſt, meaſure from: the > oe 7 

1 Su penſio 5 


ch. V. r Penh. 7 
duſpenſion, to the Center dt Oſoillation. 4 
Which Center is found]by ihis Rule, 
© As the length of the String from the Vigenius 
point of Suſpenſion to the Center of à ff 
round Ball: is to the: Semi- diameter of . 1 * | 
that Balz: 80 is hat Sem dhmeter to u l 4% 
qth. number; Add tft of- thatizth «© _ 
number, to the former length, and you 
have the Center of Oſeillation; and 4H 
thereby the true length of this Standar 
ende e Of : at) ba 50 
It. itibs deſired to fit a Ballhof a trian. 
gular, quadrangular, or any otlier form 
to this Pend. the Center of Oſcillation 
in any of theſe bodies may be found 
in the laſt cited Book of Mr. Hygens. 
Ikeit be aeked, what is the 1nzanine 
of the Center of Ofcillaton? thie- moſt 
intelligible anſwer I can givé an un- 

Skill Reader is, that it is that point 
of the Ball, at which if you imagine it 
divided into two parts, by à circle, 
whoſe center is in the point of Suſpen- 
on, the lower part of the Balb ſhall be 
6'Yof the ſame weight with the upper. 
54. Having thus fixed a Staudard, I 
hall next ſhew how from thence to find 
e tte Vibrations, or Lengths of all other 
endulums. Which is done by this-Rulk, 
Aachrbe ſquares of the Vibrations, bear the 

ane Propor tou" to' sach ot her 1 as their Hugen- 
mgths do. And ſo confrarywiſe. Moor. ib 
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vo hecefore dy the number of Vibrations 
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to find the Length of the Pendulum 
that will vibrate them ſay, As the 
.* - "Square- of thoſe Vibrations, is to the 
Square of 60 (the vibrations of the 
Standard in a minute) : : 80 is the 
Length of the Standard (vie. 39,2: 
to the Length of the Pendulum ſonght. 
lk by the length, you will find the 
Vibrations, tis the Reverſe of the laſt 
Rule, viz, As the length propoſed: to 
the Standard (39,2) : : So is the Square 
ot 6 (the vibrations of the Standard); 
tt the ſquare ol the Vibrations ſought, MY. - 
- , Suppoſe for example, you would? 
know of what length a Pend. is of that 
vibrates: 153 ſtrokes in a Minute. THE 
quare of 153 (i. e. 153 times 153) - 
23409 Say 23409. 3600 :: 392. 6 | 
A Pend. then that: vibrates 153 in aff 14 
minute, is about 6 inches long. 153 
On the other hand, if you wouldEwhi 
know how many ſtrokes a Pend. of 
inches hath in a Minute; ſay, 6. 39.2: 
360. 23520. The ſquare root where 
of is 153, and ſomewhat more. 
Note, becauſe 141 1 20 is always thi 
product of the two middle terms multi 
plied together, therefore you need on 
I to divide this number by the ſquar 
.of the Vibrations, it gives the Leng 
ſought: By the Length, it gives ti p 
ſquare of the Vibrations. . . 
If you operate by the Logarithm 


Ch. V. Of Pendulum. 1 
Jou will much contract your labour. 
For if you ſeek the Length, tis but 
a . the Logarithm of the 
* Square of the Vibrations, out of 
ede Logarithm of 141120, which is 5. 
) 1495886, and the Remainderis the Eo- 
* Mearithm of the Length ſought, | 
If you ſeek the Vibrations, it is but 
dubſtracting out of the aforeſaid Loga- 
rithm 5. 1495886, the Logarithm of the 
Length given, and half the: Reſidue is 
Ie Logarithm of the Vibrations re. 
* Wquired. The following examples will 
llluſtrate each particular. 1 
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To find the Vibrations. 


{1120 ——.— 5, 1495886 
inches long. — . 7781512 
| . "GY eee 
ware of the Vibr.-——— 43714374 
„ware root, or numb.of Vibr.2, 1857187 
153, and ſomewhat more. 
bal E 3 According 


ength is more than 6 07802058. 
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According to the foregoing Dire&i-. 
ons, I have, calculated the following 
Table, to Pendulums of various Lengths, 
and have therein ſhewed.the Vibrations 
in a Minute and an Hour, from 1 to 
tbo inches. 
* er TIT | 
4 Fable-of Swivgs in a Minute, and in an Iſma 
. tony, to Pendulums of ſeveral lengths. \Wab!« 


: 


1 4 —_— > 
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- The. uſe of the- Fable. is wanifeſ 
and needs no expfestien. As to the 
Decimals in the column of Minute- 
Swings; Lhave added them för the fake uon 


of, ealculating the wolamw, of Hour. Nmaꝰ 
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{zle without them, and would not have 
been exactly true without tham. © 


add to this Chap. of Pendulums, 'and- 
that is, Io Correct their Motion. 


| ang che Ball down, you may raiſe it» 
Japon the Screw. 


Nvould rather adviſe, - that the Ball be 
Jade to ſerev up. and down, to bring 
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'554: L have but one thing more to 


The uſual way is, to ſcrew up, or let 
down the Ball. In doing of which, a 
(nal; alteration will make a confi der- 
ble variation of time: as you will 
fad by calculation, according to the 
aft; paragraph. To prevent the in- 
convenience of ſcrewing the Ball too- 
high, or low, Mr. Smith hath contrived Horot. Di- 
a Table for dividing the Nut of a Pen- #*i/ 
delum Scre iv; fo as to alter your Clock 
but a hecond in a day. But by reaſon 
no Screw and Nut can be ſo made, as 
to de moſt exactly ſtrait and true, there- 
fore i may happen, that inftead of al- 
tering your Watch to your mind, you 
may do quite contrary; as inſtead of 


higher, by the falſe running of the _ 


Conffdering this inceanidiable:i incon- 
venience, Il am of opinion, that Mr. 
Hagens way is much better. His way 
it, tor have aſmall Weight or Bob, to De centre 
lide-up and den the Pend' red, above: 0/cil. 
the Ball (which is immoveable.) But I Frop. 23. 


the Pendl. pretty Was and 
bangen E 4 | that 


O Penduliinis, Cl. V. Ic 
that this little Bob ſhould ſerve only Wraik 


for more nice corrections; as the aJtera- Whav: 
tion of a Second, or Cc. Which it will Bob 
db better than the Great Ball. For a whole: {you 
turn of this little Bob, will not afftq Nied 
the motion of the Pend. ſo much as a 
ſmall alteration of the Great Ball. 

The Directions Mr. Huygens gives 
about this little CorreQor, is, that it 
ſhould be equal to the weight of the 
Wire, or Rod of the Pendi or about 
u Foth part of the weight of the Great 
| I he appoints to be three 


8. þ | | 344i b 
5e the Reader hath a mind to ſee 
what alterations the ſliding the Bob up 
and down will make in tlie Motion of 
the Pendulum, he may ſind à Table 
ingeniouſly calculated in the great Man' 
laſt cited Book. In which Table it 
may be obſerved, that a ſmall altetation 
of the Corrector towards the lower end 
of the Pend. doth make as great an al 
terat ion of time, as a greater raiſing or 
ſalling of it, doth make higher. Thus 
the little Bob raifed 7 diviſibns of the 
Rod, from the Center of Oſcillation, 
will alter the Watch 15 ſeconds; raiſed 
15.2 *ewill alter it 30%. But whereas if 
it be raiſed to 153.3 parts of the Rod, 
it will make the Watch go faſter 3 
Minutes. 15 ſeconds,” the Watch ſhall: 
bo e "$6 n 
7 * * ralle 


4 


Iplication, 


E 5 


le Ba 
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rziſed to 192. 6. 80 that here you 
have but 15* variation, by raiſing the 
Bob above 38 parts 3. whereas lower, 
you had the ſame variation, when ra 
ſed not above 7 or 8 parts. 
But I have found it to be a very com- 
modious way, to put a ſmall Bob of 
about 10 Ounces underneath. the great 
all of 3 or 4 ib. to be ſcrewed higher or 
Mower, as occaſion is. 5 
The uſe of this lit: 
this; when you have brought the great 
Ball near its true length, fo that the 
Pendulum will keep time pretty well, 
he little Ball will bring it to a much 
greater exactneſs, by reaſon many of 
Turns will no more influence the 
"Motion of the Pendulum, than the 
malleſt alteration of the- great Ball: So 
What if your Clock ſhould in a Week, or 
longer time, err but a feu Seconds, 
you may by ſcrewing 
lown this Bob, or little Ball, Fg. 1. 
t. 4. correct even that M 
nd ſo being your Clock to keep time 
ell all the Year, abating forthe altera- 
ons from Weather, Cc. which I ſpake of. 
If the Reader Mould have a curioſity. | 
0 know what alterations the ferewin 
Ip, or letting down the Great-Ball will 
auſe in 24 Hours of the Clock's going, 
Wis Table I caleulated on purpoſe to 
Newhim. Which will need but little... 


* 1 


U, or coector 


zor letting 


1nute. errour, 


Suppoſing 


- 
1 


8x . 
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[Nat arte Sup your Pen- 
length. of Vibr.. | dulum _ vibrates 
Mip:Sec:$Seconts-toibe 39 Inches 


and Tenths, if you- 
hould ſhorten ĩt to 39 
aches, it would go 3. 
42 f aſter than before: 
But af you ſhould, 
len dun it to: 39 in- 


8 30 ty go! (flower. And 
for the reſt of the 
Table. 
83 42 [It chen the Great. 
3921 ty 51 Ball. ſkdes. on à flat 
295 22 Oel piece of Braſs. divided 
*') $662 13; into inches and Tenths, 
8. 4g4oſit will be eaſy to dif. 
- 29}cern what alterations 
© 19]-will- be / cauſed by the 
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The Af and veal Hiſtor 
'of Watch, or Clock-work. p 4 


8 JE Aare . wy that mall Ages, 
ſome Inſtruments or other have 

deen uſed, avriiticaſucing ol 7 — 
; t 
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Hat the earlieſt we read of, is the Dial 
ol Abax. Concerning which, little of 
eertainty can be ſaid. The Hebrew word 2 King: 
upaloth doth properly ſignifie Degrees, 20. 15. 
steps, of Stairs, by which we aſcend Lai. 38. 8. 
Ji any place. And fo this word Mahuloth 
is rendered Ezek. 40. 26. And accord- 
1 Nr tranflate the Mapalot) 
Jof Abax, by the words Ben and Ar- 
| (64945) + e- Steps or Aſcents. The like doth + 
ie Syrzack, Arabirk, and other Verſtons. 
Some pretend to give a deſcription 
of this Dial of Aas: but itbeing meer 
gueſſing, and little to my purpoſe, I 
ſhall hot trouble the Reader with the 
various opinions about it. 45 
Among the Greeks and Romans, there 
were two ways chefly uſed to meaſure 
their hours. © One was by Cl-pſydra,' or 
Hour-glafſes, The other by the SS 
or Sun ials. The Kx4i0fes, ſay Suidar 7. in 
and Phavarinas, wag *Ogyarev dgesNοονναeο e verbo. 
FA de- u; i.e. n Aſtronomical In & 
frument, by which the bourg were meaſured. 
Alſo, that it was a Veſſel, baving-a little tn verbo 
bole in the bottom which -was ſet in the a>x646-. 
Courts of Fudicatare, full of water; by Jes · 
vbieb the Lawyer pleaded, This was, 
lays Phavorinus, to prevent babbling, 
that ſuch as ſpeak, ought to be brief in 
„ eig oo -- 
ce As to the Invention- of thoſe Water-: 
e. vatches- (which were; no doubt, of? 

rack. | | more 
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calls him, and faith, Primu 
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mare common, uſe, than only in the 
Lau- Courts) the Invention, Lſay of them, 
De die Na. ĩs attributed, by Cenſorinus, to P. Cornelius 


Naſca, the Cenſor. pro Nafica, Pliny 
mus aqud divijit 
Horas aque noctium ac dierum. Idg; Foro. 
logium ſub tecto dicavit amo Urbis 595. i e. 
Szipio Nafica was. tbe 177 that by Vater 
meaſured the Howrs of the Night as well as 
the Day. And that Clack be dedicated 
within doors in the Tear U. C. $95. which 
time fell in about the time of Judas 
Maccabaus, bout 150 Years before our 
bleſſed Saviour's days ö 
The other W of es the 
hours with Sum- dial, ſeems, from Pliny 
and Cenſorinus, to have been an earlier 
invention than the laſt. Pliny fays, that 
Ana ximenes Mil:fins , the, Scholar of 
« fnaximander, invented Dialing, and 
« was the firſt that ſhewed a Sun - dial 
« at Lacedanon. Vitruvius calls him Mi. 
leſius Anaximander. This Auaximander or 
Anaximenes was cotemporary with Py- 
thagoras, ſays Laertin ; and flouriſhed 
about the time of the Prophet Daniel. 


But enough of theſe ancient Time- 


Engines, which are not very much to 
my purpoſe, being not pieces of Watch · 


Work. 


s 2. I ſhall in the next place take no- 
tice of a few Horological Machines, 
that I have met wich; which whether 


pieces 


r 
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pieces of Clock-work, or not, I leave 
| niit is that ot „ Which in che Life 
Hlutarch commends for a very magnifi- of Din. 
cent, and illuſtrious Piece. But this 
2 be only a well delineated Sun- 
r ee ee eee 
Another Piece, is that of Sapor Ring E.ſeb. Vie. | 
of - Peta. Whether that Spor, who Fan ; l. 3. vj 
was cotemporary with .Conffantine' the BY OS 2 
Great, I know not. Cardan ſaith ĩt was 8 
made of Glaſs; that the King could ſit 
in the middle of it, and ſee its Stars 
riſe and ſet. But not fintiog whether 
this Sphere was moved by Clock work, 
or whether it had any regular motion, 
Iſhall ſay no more concerning it. 
5. laſt — I * 4 
this Paragraph, is one 1 ercrive r 
by Vitrwine.. Which to me ſeems to e, 
be a piece of Watch-Work, moved by... Þ 
an equal influx of Water. l 5 
It the Reader will conſult the French 
Edition of Vitruoizs, he will find there 
a fair Cut of it. 858 
Among divers feats which this Ma- 
chine performed (as founding Trum 
pets, throwing Stones, Yc.) one uſe of 
it was, to ſhew the Hours (which were 
unequal in that age) through every 
month of the year. The words of Vi- 
travins Are, Fqualiter, influens agu ſub- z 
levat Scaphum inverſum * . 
ö 6 


— 
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Phellos frve Dpανν]＋Zdicitur) in quo collo” | 
cata regula, verſatitia-tympani denticulit 
7 -*- equalibus ant perfefta Nui denticili alins 
1 alum impellivtes; verfationts 'modicus\ fact. | 
unt, ac motiones; Item alia Regula, alia- 
que Tympana' ad eundem modum den- 
tata, qua una motion? coacta, verſando fa. 
* © uot eſtus, var iotateſque motionum iu 
© quibus moventer Sigilla, vortuntur Melæ, 
© _ Calchli aut Tora pro ihm, Buccine ca- 
j - nuint}Ec. In bis etiam, aut in columia, aut 
paraſlatica Hora deſcribuntur; quas Sigillum 
\ egrediens ab imo virgule; flemficat,''in diem 
totum : quarum hrovitatos aut creſteutias, cu · 
neorum aljectui ai axe mptus; in ſngulis di- 
ebus © menſibus, perfſcere cogit. 
The Tnventer of this famous Machine, 
Vitruvins ſays, was one Ctefibins, a Bar- 
vid. Phi- bers Son of Alexandria. Which Ctefibins 
Land. not. in flouriſnt under Pony Energetes, ſays: 
Vitruu. Athenaus, I. 4. And if ſo, he lived a- 
| bout 140 years bet6re our Saviours days; 
and might be cotemporary with Archi- 
modes. n e | 
$ 3. Thus having given a ſmall ac- 
count of the ancient ways of meaſu- 
ring time, it is time to come. cloſer to 
our buſineſs, and ſay ſomething more 
particularly of Watch and Clock - work. 
Which is thought to be a much younger 
Invention, than the forementioned Pie- 
ces; and to have had its beginning in Ger. 
wavy; within leſs ham theſe 200 Fears. It 
a VB « n 3 


26 
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is very probable, that our Balance-clocks 
or Watches, and ſome other Automata 
might have their beginning there; ar than 
Wateh and Clock - work (which had long 
been buried in oblivion) might de revi- 
ved there. But that Watch and Clock- - 
: work" was the invention of that age 
purely, I utterly deny; having (be- 
des what goes before) two inſtances 
Iso the contrary, of much earlier date. 
54. The firſt example is the Spheres 
ef. Archimedes; who lived about 200 
; years before our St,iours days. There 
s no mention of this Sphere in Archi- 
nedes his extant works: but we have 

amaccount of it in others. Cicero ſpeaxs 
„Jef it more than once. In his 2d Book 
De Natura Deorum, are theſe words; 
Arcbimedem arbitrautur plus valuiſſe in 
„ imtandis Sphere congerfiontbus, quam 
- © Natwrans incefficrendis, c. i. e. Thoſe 
I medes was able to do more in imitatigg 

the motions of the Sphere than Nature in 

-- Bf:fding of them. And in his Tuſcalane Lib. 1. 
+ Queſtions, the Collocutor, proving the 2+. Edit. 
> aul to be of a divine Nature, argues Eleuir. 
e 
8 


8 
* ES 
7 


{ 


from this contrivance of Archimedes, 
„and fays, Nan cum Archimedes Ling, 
r lis, quingue errantium motus in Spharam 
„ illigavit, Pieit, &s. The ſenſe is, that 
„ AKecbimedes contrived a Sphere, which 
1 lhewed the mation o the Moon, Sun, 
is and five Planets. But 


887 


Epir. in 


Spher. At- 
N | chimed. 
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But the moſt accurate deſcription is 


that af Claudian, in theſe words. 


£909.10 £395 54 7 D PN BE g 4 n 5 Lin 
Jupiter in parvo cum cerneret æt hera vitro, 


Rifit, & ad Superos talia dicta dedit : 
Huccine mortalis progreſſa potentia cura ? 

Fam mzus in fragili luditur orbe labor, 
Jura poli, rerumgue fidem, legeſq; Deorum 

Ecce Syracuſius tranſtulit arte Senex. 


Incluſus variis famulatur Spiritus affris, 


Et vivum certis motibus urget opus, 


Fercurrit proprium mentitus Siguifer annum, 


Et fimulata novo Cynthia menſe redit. 


Jamq; ſuum volvens audax induſtria mimdum 


Gaudet, & bumana Sidera mente regit. 


 AEmula Nature parva repertagmanus. 
In Eogliſh thus: 


ben Jove dd in Glaſi bis Heavens made, 
He ſmal'd, and to th: other Gods thus ſaid : 


"Tis firange that human art ſo far proceeds, 


To ape in brittle Orbs my greateſt deeds. 


 Thehbtavenly motions, Natures conflantcomrſe, | 
' £0! bere old Archimede to art transfers. 
.  - Th mcloſed Spirit here each Star doth drive; 


Aud to the living work ſure motions give. 
The Sun in comterfeit bis year doth run, 
And Cynthia too ber monthly circle turn. 
Since nom bold man bath Wor lds ofs own de- 


(ſay 


111. neren 
He joys, and ti Stars ly buman art cay guide.” 
N 


Wi 


% 


Dnid falſo inſartemtoxitru Salmonea miror? 


c . Of Clorkework, 
by Hould we Je admire proud 2 


7 one A band Natures _ vor bre. 
Peats 8 


Favie this | deſeriptions it cms 
that in this Sphere, the Sun, Moon and 
other Heavenly Bodies, had their pro- 
per motion: and that this motion was. 
effected by ſome encloſed Syirit. What 
= 2 Spirit was, I cannot tell, 
5 t ſu poſe it to be Wei hts or Springs, 

with Wheels or Pullics. or — ſuch 
| means: of Clock-Work: Which 
hidden from vulgur e mie She be — 
Im for ſome Angel; Spirit, o Divine 
Power; unleſs pin here, you n 
terftand ſome aerious, ſubtihz'd liqu 
or vapours. But how this, of indeed 
Iny thing but Clock - work, could give 
„Iſech trus and regular weden: dau 
not able to pagan gg 
„I S 5: The next inſtance 1 — met 
wih of ancient Clock work, is that 
„ | famous one in Cicero, which, among p, ve 
ther irrefragabde ar ents is brought Poor. Lib. 
in to prove, erhere is ſome in- 4. 5 34. 
* tellygent; divine; and wiſe Being, 
k; that inhabiteth, ruleth in, and is a 

an Architect of ſo great a work, as: 

the World is, as the Stoick expreſſeth 
himſelf. His words (ſo far as they re- 
= to r are . 


2 * 


* 


— — — . —⁰· 
— — —— _ — 
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1 

N 

x3] 

| 

by 
| 


„ Cum Solarium vel deſeriptum, aut ex 


horas arte, non caſu, e. And a little 


Sb 


LO And that:i it wasa 


he Autiqui n Cn. VI. 
« Agua contemplere, intelligere declarari 


after, Quod fi in Scythiam, aut in Britay. 
niam, Spheram aliquis tulerit hanc, quam 
nuper familiarĩs noſter effecit Pofidonins, ct 
Jus fmguls Convesfiones idem e fi init in Sole, 
& 4 yo Lima, & in guinque Stellis, errantibut 
quod eſfuitur in calo firgalis diebns, & voc. 
1 quis in Alla barbarie dubitet, quin ca 
a fit: herficta nation? The ſumm of 

the Authors meaning is, That there 
were, Sun-dials»deſctibed;' or drawn 
2 Lines, after the manner as our 
n- Diais ax 1 8 and ſame made 

< witli Water: which; wererthe Clrpfy- 
ang, — — Ji 
„That Pofidonini had lately: contrived: 
<a Sphere, whoſe, Motibns were the 
*. ſame lin the{Sun, Moon, and5 Pla · 
netz, , as-wera performed an the Fler | 
* vens each day and night) or olds 10 
adhs age wherein this:Sphere was in. 
vented, was Ciceros time, which was a- 
N 80. years before our Saviours birth. 
piece bf Clack work, | 
: bs not ( Ithink) to "ha! dottbted, if it de 
© conſidered; that it kept time with.zbaſe” 
eſtial bodies imitating bath their 

a mual, and diurnal Motions; as from 
the deſeription we may gather it did. ¶ the 
It may be queſtioned, whether thoſe I Pa 
* 6—— or not: Ai be · ¶ tio 


wud ?? heve 


Ch. VI Of cheers V 
lieve they were Rarities then, as well 
s Mr Vat ſon's and others are aceounted 
now. But methinks it is hard to ĩma- 
zine, that ſo uſeful an Invention ſhould 
not be reduc'd into common uſe; it: 
being natural, and eaſie to apply it to 
the meaſuring of hours (tho unequal) 
eſpecially in two ſuch Ages, as thoſe 
of Archimedes. and Tully were, in which 
the liberal Arts ſo greatly flouriſhed ': 

8 G. Alter the times luſte mentioned 1 

Bar bariſm came on, and Arts and Sei- 
ences became neglected, ſo thas little 
warth: remark is to be found till to- 
wards the 16th Century ʒ and then Clock - 
wdk was revived, or wliolhp invent. 
ed-ahew im Germany, as is (getierally 
thouglit, becauſe the ancient Pieces are 
Ce man work. But who was the Inven- 


„Jor, or in whattime, I cannot diſcover. 


e 


ir 


m 
ſe 
e- 
Ve 


nanifeſt, it was beſere Curdeuk time, 


— — 1 _— anventediit 
ang: befor tahegeat/5Io t , , 
But if it was nqt fo-earlyras Boetbids $1747 
it might perhaps be in Regzomantanusleſcop. Ep. 

his time, towards he latter end of thePed/c. 
14th: Century. However it is very 
becauſe he: [peakethi of it, as a thing 
common then. * — — f 
170 years ſince.» And at this very day 
there is a Stately Clock in his Majeſties 
Palace at Hampton Court, whoſe: 1 i 
tion ſhews it td have been ö. 


= we 
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nenn 4 
31 
Ld 


The Antiqui U ty Ch. IV. 


Hen. $'s time by one M. O. in the year 
1540 ; which for its antiquity and good 
contrivance I haue given the Calliper 
of in Fig. 4, and ſhall ſay more of 
een 537 e 
Another Piece alſo I remember 1 
ſaw ſome years ago, which was a 
Watch belonging to the ſame K. Hen. 
8th, which went a Week. Probably 


it might be made by the fame M O. 


87. As to tlioſe curions Contrivan- 


ces in Clock- work, which perform 
ſtrange, ſurprizing feats, I ſhall ſay: 


little. Dr. Heylin tells us of a famous 
Clock and Dial in the Cathedral 
Church of Luden in Deumurk. In 
the Dial (faith he) are to be ſeen 
diſtinctly the Lear, Month, Week - 


day, and Hour 3 day through- 
ont the Tear; with the Feat, 


**; bath: moueable aud fired; topether 


© with the! Motion” of the Sur and 


Moon, and their paſſage thro-eath 


e degree of the Zodiack. Then for 


the Clock, it is ſo framed by artifi- 


<*cial Engines, that whenſoever it is 


* taiſtrike, two Horſe men encounter 
by 8 
*; apiece; as the Bell ſounds hours: 
And on the opening of a door; there 
© :appeareth- a Theatre, the Virgin 
„Mary on a Throne, with Chrift in 
her arms; and the three Kings or 

N N " Magi 


ing as many blows. 


Ich. vi. Of Clockwork 
« Magi. (with their ſeveral trains) 


* marching in order, doing humble 
I reverence, and preſenting ſeverally 


(6 4 (that Proceſſion. 


93 


I bal - Gifts, two Trumpeters ſonnd- z7:1/in's 
ng all che while, to adorn the Pomp 2 


- To this I might add many m. more "A Megia Uni. 
aridan . pexformances'; but I rather verſ. P. 1. 
chuſe to refer the Reader to Schottus, * — 5 2 


4 Magia 
hauma-· 


ere he may find a great variety, to 
. W 2 ee turg. 
n. n — — 1 4 
oh 51 4 5 N tur 
n 

n 2 1 5 . Pendulum: 
* ocks. R ona een 
* 

s B core ever Pall were 25. 
"I plied to Watch:Work, their 
d motion- was made uſe of for che more 
h KI accurate , meaſuring, of time in Ob- 
r J fervations, 'particulacly ſuch as were 
ö. Aſtronomical, The famous _Tycbo 
is I Brabe is ſuppoſed to have made uſe 
r Jof them; et Sturmius ſaith , Ric- 
sf ciolus primim P:ndula adbibuit ad: tem- 
: pora menſuranda. Eumg; ſecuti (etiam 
e ' conatium eiu ignart) Langrenus, Vendeli- 
n u, Merſennus, x xcherys, & ali quam- 
u Plarimi. Automatis Horolegiis ap 1 7 
Henin, i. e. Ricaol: * ma ras 
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m. a urs Time _ bom Fs +1 
rene, Wendeline, Merſenne,;: . and ma. 
ny other e followed, altbough they were igno. i * 1 
rant of his Practice. But Huygens applied! 
them to Clocks, Sturm. EG Curioſ ul 
— P. I, Tent. I4. ML04119703% 7 '* 
LP, __ -And- notwithſtanding 1 have K 
pretended to the lavention, yet Ar 
— Chriſtian Hmygens. of Zulichem-affirms he 
was the firſt that applied Pendulum] 
to Jack - work, and gives very cogent iſ 
* ention, he ſays 
This inve „he 
Hor. Oſcil. put firſt in pactice in the Year 1657: 
p. 3 Edit ag and in the following year 1658, he 
printed a delineation and deſcription of 
At, nr. 113 W u 
Amoneft them that 38 clai wd the d. 
honour of this Invention, the great Ga. 
Iileo hath the, moſt to be laid on his ſide. I A0 
Dr. John Joachim Becher (who printed a © 
Book when he was in England,” entitu - 5 
led, De Nouz Temporis dimet iendi ration: © 
Thpeor ia, Ec. c. whith he geciegted to the aff 
i Engliſh Royal Society, he on 1680.) be, I 
Tay. tells u, That the Ciwit Magalotti* 
M (the Great Duke of Tyſcany's Reſident he 
85 at the Emperors, Court told im the fi 
o * "whole. *'H Hiſtory of theſe poll 


8 


dulumf re 

k le got and denied Mr Zug them t to be te 
© the , hor of them. Alls“ That one 
Treffer (Clock make? to thi Father of 


6 the then da Duke of Fre ns re. 


i 
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+lated:to- him the like Hiſtory: And f 
+ ſand: moreover, that he had made the 
firſt Heid. Clock; at Florence, by the 
command of the Great Duke, and by 7 
the directions ot his Mathematician ? 
* Galilens a Galileny-aipartern of which 
eas bronglaninto Holland, hd für- 
4. ther the faith thar dne Caſpar Dmg a 
0 and \Mathematician'to' Fob: 
Fin a: (the late Elector 4 
Ante) told him ihat he had ſeen at | 
ne, inbthe time uf eee 
Emperor, a Nnd. GbR made" 5 
7: chauamous , fu? Bogen, rer 
t ahd Clack maker to age Ecbper 

which Clock the great Bebel By Habe 

duſed in a Aſtronomical Obſervati- 
Þ org; i 2697 Ire 10018 2 
I bbs fer elbe g He Which E Wer 
addy abbat11s. ſaid/byrefit LWondanie® del made in 
Amento, viz. It was thought good ' to the Acad. 
apply the Pendulum to the Movement e 
dofethe Clock: a thing which: Galilæb ir * 
fiſt invented, anddingen übe y, . 
\litsi put iti praqtine in thel year 269 | 
As itb theſe matters thus Nute by 
bearſay byo Becher, and ſo expreſsly at- 
firmed by the Academy, I have little to - 
reply, bu that Mr Hen (whom 
takeltahꝗaue been n Män of as great In 
tegtit ya Learting ant; ity) 
© doewenpabſebiy-ſag;, He mond che. hive hugen, ib. 
Jer, and that Fit Galileo ever thought of 
any 
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any ſuch thing, he never brought it to 
any perfection. It is certain, that this 
Invention never Hontithed nll Ms.  Huy- 
gens ſet it abroad. 

S 2. Alter Mr Hnge:ohad thus invent: 
ed thele Pendulum Watches, and 
cauſed ſeveral to be made in Holland, 
Mr Frumantil, a Dutch 'Clocki maker 

came over ĩnto England, and made tlie 
Kft that ever were made here; which 
was about the year 1662. One of the 
firſt pieces that was miade: i in-Englerd, 
is no in Grefbam-Collelge, ug en to that 
Honenurakle Society byuhe late eminent 
Seth, Lord Biſhop « of > Sallibarl which 
1s made. exactly according to Mr Hug: 
Zeus's methad. 

8 3. For ſeveral years this ways f 
Me Huygens was the on —_— ys 
_ Crownwheel — to pla 
tween two cycloidal chee ks, Se 10 
afterwards Mr V. Clement, a Lum 
Clach maker, contrived them (as Mr 
Smith ſallb) to got with leſscweiglit, an 
heavier Ball 6455 ou ſpleaſe) and tò vi. 
brate but: a final compals:1! Which is 
now the upiverſal method of the Roy- 
al Pendulums. But Dr. ook [denies 
Mr. Clement tove invented this ; and 
ſays that it was bid invention and that 


he caaſed a piccenofuthis nature to be 


2 Fe en e be theweT! before: the 
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. wache. ſoon after the aue of. Ton- 


$ 90 
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5 4. T he aft theſs Pendulum Clocks 


Mr Huygens ſetteth forth in ſeveral 
I inftances.” Particularly ; he giveth two 
d examples of their great, uſe at Sea, in 


"& * "w4S * 


tions Er an E an French Ship, 
On Land, they were found very 
ſerviceable; among other uſos, particu- 
larly to theſe two. 1. To meaſure 
the time more exactly, and equally 
en man the Sun. 2. To be (as Sir Chri- 
0 N fopb. Wren firſt pr pas a per petual, 
azad univerſal Meafure, or Standard, 
to which all Lengths may be reduced, 


Ly nd by which they may be judged of, in 


all ages, and countries. For (as our 
Royal Hociety, Mr Huygens, and Mownto- 
"1s have propdſed, after Sir Chriſfopher 
Vren) this Horary foot, or Tripedal length 
hich vibrateth Seconds, will tit all 
ges and places. But then reſpect muſt 
he had to the Center of Oſcillation, 


Dy” which you have an account of in Mr 
3 ingen his aforeſaid book de Hovolegio 
mn cillator ie, as hath before been ſaid. 


'$5. "There is one Contrivance more 

ff Pendalums, fill behind, viz, the 

enlay Pendulum , which is m ntioned 

Y Mr Huygens as his own, but is clai. ned 
F 


d, mere ov the ieee . | 


by 
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3 by the late moſt ingenious Dr. Hook as 
really his. This Pend, doth not vi- 
brate backward and fokward, as thoſe 
we have been ſpeaking of do; but al- 
ways round round; the String being ſuf- 
pended above, as the tripedal length, ( 
and the Ball fixed below, as ſuppoſe at 
the end of the fly of a common Jack. 
The motion of this Circular Pend. 
is as regular, and much the ſame with 
thoſe mentioned before: and was thus 5 
far made very uſeful in Aſtronomical 
obſervations, by the ſaid Dr Hook, viz, re 
To give warning at any moment of its | 0 
eircumgyration , either when it had fe 
turned but a quarter, half, or any leſ-· © 
ſer, or greater part of its circle. 80 2 
that here you had notice not only of a U 
Second, but of the moſt minute part I w. 
of a Second of Time. You may find 
a deſcription of this Pendulam, and 
other matters belonging to it, in Dr 
Hook's LeSiones Cutleriang : Animad, ix 
Hevelii Mach, Caleft, p. 60, 
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CHAP. VIL * 


Of the Invention of thoſe Pocket- 
Watches, commonly called 
Pendulum Watches. 


8 


— 


5 1, AN He reaſon they are call'd Pen- 
dulum Watches, is from the 
regularity of their Strokes, and Moti- 
on, which were pretended to be not in . 
ferzour to thoſe of a real Pendulum. This 
exactneſs is effected by the government of 
a {mall Spiral Spring running round the 
upper part of the Verge of the Balance : 
which Spring I call the Regulator. : 
S 2, The firſt Inventer hereof, was 
that ingenious and learned Member of 
our N. Society, the late Dr Hook : who 
contriv'd various ways of Regulation. 
One way was with a Logd-ſtone : an- 
other was with a tender ſtrait Spring, 
one end whereof played backward and 
torward with the Balance. So that the 
Balance was to the Spring as the Bob of 
a Pendulum, and the little Spring, as 
the Rod thereof. And ſeveral other 
contrivances he had befides of this na- 
ture, as he aſſured me, and is manifeſt 
from divers evidences. 
F 2 8 3. 
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'$3. But the Invention which beſt 
anſwered expectation, was at firſt, 
with two Balances; of which I have 
ſcen two ſorts, altho there were ſeveral 
others. One way was without Spiral 
Springs, the other with. They both 
agreed in this, that the outward Rims of 
both the Balances had a like number of 
#eeth; which running in each other, 
' cauſed each Balance to vibrate alike. 

But as to the former of. theſe, which 
had no Spiral Spring; the Verges of 
its Balance had each but one Pallet 
apiece, about the middle of the Verge. 

The Crown wheel lay (contrary to o- 
thers) reverſed, in the middle of the 
Watch, in the place, -and after the 
manner of the Contrate-wheel. The 
teeth of this Crown wheel, were cut 
after the manner of Contrate- wheel 
teeth, vis. lying upwards, but very 
wide apart, ſo as that the Pallets (which 
were about one tenth of an inch long, 
and narrow) might play in and out be- 
tween each tooth. The verges of the 
two Balances, were ſet one on one 
Tide, the other on the other ſide of the 
Crow wheel, ſo that the Pallets might 
play freely in its teeth. And when 
the Crownwheel in moving round, 
had delivered its ſelf-of/ one Pallet, the 
other Pallet on the oppoſite ſide, was 
drawn on to make its Beats, by _ 
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of the motion which the other Balance 
hid given 1's Balance, (the two Ba- 
I lances moving one another, as hath. 
been faid in the beginning of this Para- 
| graph.) And ſo the ſame back again. 
It may here be noted, that for the 
more clear underſtanding of the laſt- 
q contrivance, I have deſcribed the two 
» WW Balances, as having Teeth on the 
edges of their Rims, running in one a- 
1 | nother, But the Contrivance was real- 
f ly thus; there was a ſmall Wheel un-. 
der each Balance, proportioned to the 
width of the Crown wheel. But the 
Balances were much larger. And ſo 
e che Teeth of theſe two little foreſaid 
Wheels or Balances, running in ene 
another, moved the larger Balances 
above them, all one, as if theſe. two 
el great Balances had been toothed and 
Y I played in each other. | 
$ 4+ The other way, with two Ba- 
5s  lances alſo, moving each other (as was 
„ Bl ſaid in the beginning of the laſt 5) had a 


ne Spiral Spring to each Balance, for its 
ne Regulator. In this Invention, only 
* one Balance had the Pallets, as the 


common Balances have: And the 
| Crown-wheel operated upon it, ac- 
d, | cording to the uſual way. But then 
when this Balance vibrateth, it giveth 
we the 8 = _— 
to the other Balance, as bath been ſaid. 

7 EEE FE. 5 Tye 


102 


ward and forward, you will put it into 


mentioned Watch, with two Balances, 


but of the other very few were ever 


was the great trouble and vaſt nice- 
retard the motion of the Balances. 


s ſcarce ſubje& to the aforeſaid diſor- 
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The firft of theſe two ways was ne- ſe 
ver proſecuted ſo far, as perhaps it . 
10 


deſerved. And the Excellency of the 
latter is, that no jirk, or the moſt con- 
fuſed ſhake, can in the leaſt alter its | 
Vibrations. Which it will do in the I P! 
beſt Pendulum Watch with one Bz. Il 2 
lance now commonly uſed, For if t. 


you lay one of theſe Watches upon a ti 


Table ,and by the Pendent jirk it back- I V 


the greateſt hurry ; whereas the laſt 


will be nothing affected with it. But 
notwithflanding this 1nconveniencs , 
yet the Watch with one Balance and 
one Spring (which was alſo Dr Hooks 
invention) prevailed, and grew com- 
mon, being now the univerſal Mode: 


made. The reaſon hereof, I judge 


neſs required in it, and perhaps a lit- 
tle foulneſs in the Balance- teeth may 


But the other is eaſier made, and per- 
formeth well enough, and in a pocket 
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der, which is cauſed rather by a turn, 
than a ſhake. 

85. The time of theſe Inventions 
was about the year 1658, as appears ! 


(among other evidence) from this in- Je 


ſcription, 
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ſcription, upon one of the aforeſaid 
double Balance Watches preſented to 
King Charles II. viz, Robert ; Hook. inven, 
1658. T. Tompion fecit 167. 
This Watch was wonderfully ap- 
proved of by the King; and ſo the inven . 
tion grew into reputation, and was much 
talked of at home and abroad. Par- 
ticularly its fame flew into France, from 
whence the Dauphine ſent for two; 
which that eminent Artiſt Mr Tompion 
made for him. aſs, I 
86. Dr Hook had long before this, 
cauſed ſeveral Pieces of this nature 
to be made, altho they did not take till 
after 1675. However he had before 
ſo far proceeded herein, as to have a 
Patent -(drawn,. tho not ſealed) for 
theſe and. ſome other Contrivances, 
about Watches, in the year 1660. But 
the reafon why that Patent did no ſur- 
ther proceed, was ſome diſagreement 
about ſome Articles in it, with ſome 
Noble Perſons who were concerned 
for the procuring it. The ſame inge- 
nious Dr had alſo a grant for a Patent 
for this laſt way of Spring Watches 
in the year 1675: but he omitted the 
taking it out, as thinking it not worth 
the while. a 
57. Aſter theſe Inventions of Dr 
Hook, and (no doubt) after the publi- 
cation of Mr Heygen: Book de Horolag. 
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Oſcil. at Enis 1693 (for there is not a 
word of this, tho of ſeveral other Con- 
trivances) after this lay, Mr Higgen' 


Watch with à Spiral Spring came a- 


broad and made à great noiſe in Erg. 
land, as if the Eongitude could be nou- 
found. One of theſe the Lord Brancker 
ſent for out of Nance, (where Mr Huy. 
gens had à Patent tor them) which J 


baveiſcen; 10! 9 7 


\ {445 
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This Watch o Mr Huygents agreed 
with Dr Hool's, in the Application of 


the Spring to the Balance: only Mr 
Hingens & had, a longer Spiral. Spring, 
and the Pulles or Beats were much 
flower. That wherein it differs, is 
1. The Verge hath a Pinion; inflead of 
Pallets; and a Contrate-wheel rung 
therein, and drives it round, more than 


one turn. 2. The Pallets are on the 


Arbor of this'Contrate- wheel: 3. Then 
followeth the Crown wheel, c. 4. The 


Balance, inſtead of t:rning ſcarce quite 


round (as Dr Hogk's) doth turn ſeveral 


rounds every vibration. 


88. As to the great abilities of Me 


Higgens, no man can doubt; that is ac- 
quainted with his Performances. But 


'] have ſome reaſon to doubt, whe⸗ 


ther his Fancy was not firſt ſet on 


work by ſome Intelligence, he might 
have of Dr Hook's Invention from Mr 
Oldenburg, or others his correſpondents 


here 
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here in Ex land, altho My Oldenbwgh vin- 
dicates himfelf againſt that charge in 
Phil. Tran. Nr 118 and 129. But of this 
Controverſy ſee more in Mr Wallers | 
Life of Dr Hook. p. 4. 4 
But whether or no that ingenious 
perſon doth owe any thing herein to 
our ingenious Dr Hook, it is however a 
rery prety, and ingenious contrivance z 
but ſubject to ſome defects: viz. When 
it ſtandeth ſtill, it will not vibrate, un- 
til it is ſet on vibrating: which tho 
it be no defect in a Pendulum Clock, 
may be one in a Pocket-Watch, which 
is expoſed to continual jogs. Alſo, it 
doth ſomewhat vary in its Vibrations, 
making ſometimes longer, ſometimes 
ſhorter Turns, and ſo. ſome ſlower, 
ſome quicker Vibrations. | | 
I have ſeen ſome other contrivances 
of this fort, which I mention not, be- 
cauſe they are of a younger ſtanding. 
But theſe two (of Dr Hook and Mr Hy- 
gens) I have taken notice of, becauſe 
they were the firſt that ever appeared in 
the world. 6 | Aer. 
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CHAP. IX. 
The Invention of Repeating 
r 


1. F . Clocks I now ſhall ſpeak of, 
I Qare ſuch as by pulling of a 
String, &c. do firike the Hour, Quar- 
ter, or Minute, at any time of the day 
and night. 

s 2. Theſe Clocks are a late inventi- 
on of one Mr Barlow, of no longer 
ſtanding than the latter end of King 
Charles II. about the Year 1676. 


This ingenious contrivance (ſcarce ſo 


much as thonght of before) ſoon took 


air, and being talked of among the London 
_ Artifts, ſet their heads to work; who 


preſently contrived ſeveral ways to ef- 


fect ſuch à performance. And hence 


aroſe the different ways of Reptatirg- 


work, which ſo early might be obſerved 


to be about the Town, every Man al- 
moft practiſing, according to his own 
Invention. we 

s 3. This Invention was practiſed 
chiefly, if not only, in larger Move- 


ments, till King James II's Reign: At 


Which 


which time it was transferred into 
Pocket- Clocks. But there being ſome | 
little conteſt concerning the Author 
hereof, I ſhall relate the bare matter 
of fact, leaving the Reader to his own 
r © 
SI About the latter end of King Fames 
[I's Reign, Mr Barlow (the ingenious 
Inventor before mentioned) contrived to 
put his Invention into Pocket-watches ; 
f, and endeavoured (with the Lord Chief 
a Juſtice Allebone, and ſome others) to 
ar. pet a Patent for it. And in order to it, he 
et Mr Tompion, the famous Artiſt, to 
. work upon it: who accordingly made a | 
u. Piece according to his directions. — 4 jc 
"I Mr Quare (an ingenious Watch- * 
n maker in London) had ſome years before 
0 been thinking of the like Invention: 
K But not bringing it to perfection, he 
, laid by the thoughts of it, until the talk 
1 of Mr Barlow's Patent reviv'd his for- 
. mer thoughts; which he then brought 
et to effect. This being known among 
CY the Watch-makers, they all preſſed 
— him to endeavour to hinder Mr Barlow's 
1 Patent. And accordingly applications 
vere made at Court, and a Watch of 
yn each invention, produced before the 
King and Council. The King upon 
tryal of each of them, was pleaſed to 
give the preference to Mr Quare's; of 
| which, notice was given ſoon aſter, in 
cf dhe Gazette. i The 
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The difference between theſe two Nel 
Inventions was, Mr Barlow's was made N att 

\ to Repeat by puſhing in two pieces on 

each fide the Watch box: One of I ſhe 
which Repeated the Hour, the other I wr 
the Quarter. Mr Quare's was made to FW is 
Repeat, by a Pin that ſtuck out near I art 
the Pendant; which being - thruſt in I Ch 
(as now 'tis done by thruſting in the Im- 
Pendant) did Repeat both the Hour, 
and Quarter, with the ſame thruſt. an 

It would (I think) be very frivolous, I as 

to ſpeak of the various Contrivances, I nu 
and methods of Repeating-work, and I ho 
the Inventers of them; and therefore M 


I hall ſay nothing of them. 4) 

i = © 
12 

OA APE 

Numbers for ſeveral forts of Move- Re 

ments. | 0 

) 


A Lthough TI have before given ſuch WG! 
EX plain directions, as may, I hope, Non 
. -. accompliſh a young Practitioner in the Wha 
Art ot Calculation; yet it may be very Ew! 
convenient to ſet down ſome Numbers $] 
fit. for ſeveral Movementsz partly to 
be as Examples to exerciſe the Youre Neo 
Reader: And partly, to ſerve wb, a 


) 
1 


Py, 0 ·- 


bd wi © vg 


c 


who want leiſure or underſtanding to 
attain to the Art of Calculation. 

5 1. But firſt it may be requiſite, to 
ſhew the uſual way of Watch makers 
writing down their numbers, becauſe it 
is ſomewhat different from that more 
artificial way which 1 directed to in 
Ch. 2, and which 1 have all. along 
made uſe of in this Book, Mi 

Their way repreſenteth the Wheel 
and Pinion, on the ſame Spindle; not 
as they play in one another. Thus the 
numbers of an old Houſe-watch, of 12 


hours, they write down thus. 
My way: The Watch makers way. 


448 at 48 
7)56 36— 4. 
C 


According to my way, the Pin. of 
Report [4] drives the Dial wheel [48 :) 
the Pinion [7] plays in the Great wheel 
56% Cc. But according to the other 
way, the Dial wheel ſtands alone; the 
Great- wheel hath the Pinion of Report 
on the ſame arbour: the Wheel 25 Iz 
hath the Pin: [7] and the Crown- 
wheel [19] the Pin: [6] on the ſame 
Spincls. 

This latter way (although very in- 
convenient in Calculation) repreſenteth- 
a Piece of work handſomely enough, 
and ſomewhat naturally. S 2. 
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which Wheel 48 divideth (playeth in, 


Numbers Nr. Ch. X. 
8.2. Numbers of an 8 day Piece, 
with 16 turns of the Barrel, the Pend. 


vibrates Seconds, and ſhews Minutes, 


Seconds, C 0c. 
The Watch part. The Clock part. 
8996 e 
8)60—48)48—6)72 | 6)48 8 pins. 
756 1948 

— -/ 9948: 


30 . 
In the Watck-part, the Wheel 60 
is the Minute wheel, which is ſet in the 


middle of the Clock, that its Spindle 


may go thro the middle of the Dial- 
plate to carry the Minute-hand. | 

Alſo on this Spindle is a Wheel 48, 
which driveth another Wheel of 48, 
which laſt hath a Pinion 6, which dri- 
veth round the Wheel 72 in 12 hours. 
Note here two things: 1. That the two 
Wheels 48, are of no other uſe, but to 


ſet the Pinion 6 at a convenient di- 


ſtance from the Minute- wheel, to drive 
the Wheel 72, which is concentrical 
with the Minute-wheel, For a Pinion 
6 driving a Wheel 72, would be ſuffici- 
ent, if the Minute-hand and Hour- 


hand had two different centers. 2, 


Theſe numbers, 60.-48)48-6)7 2, ſet thus, 
ought (according to the laft 5) be thus, 
read, viz, The Wheel 60, hath ano- 
ther Wheel 48 on the ſame Spindle; 


or 


or turns round) another Wheel 48; 
which hath a Pinion 6 concentrical 
with it: Which Pinion driveth, or di- 
videth a Wheel of 72. For a Line 
parting two numbers (as 60— 48) 
denoteth thoſe two numbers to be con- 


centrical, or to be plac'd upon the ſame 


Spindle. And when two numbers have 
a hook between them (as 48) 48) it ſig- 
nifies one to run in the other, as hath 
before been hinted. 

In the Striking: part, there are 8 Pins 
on the Second wheel 48. The Count- 


wheel may be fixed unto the Great- 


wheel, which goeth round once in 12 
hours. op 

$3. A Piece of 32 days, with 16, or 
12 turns both parts: the Watch ſhew- 
eth Hours, Minutes, and Seconds; 
and the Pendulum vibrateth Seconds. 


The Watch part. | 
With 16 turns. With 12 turns. 
16)96 12)96 


') - RE . 
8)60 · 48) 48-60) 2 860-48) 48-607 
756 756 


— 


30 b 
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Or thus with 16 turns. 


WO 
— 8)64 
8960 
The sri part. * 
With 16 turns. With 12 turns, 
10)130 * 80128 


99561 74, 24 * 1 91044 a5 
| 7 
6072 Dodd ER 8)96 Double hoop 
6)60 r 
The Pinion of Report is fixed on 
the end of the arbour of the Pin- wheel. 
This Pinion in the firſt is 1.2, the Count- 


wheel 39; thus, 12)39. Or it may be 
8)26. In the latter (with 12 turns) it 


may be 6) 18, or 8) 244. 
84. 4 Two month Piece, of 64 days, 
with 16 turns; Pend. vibrateth Se: 


- Mi and ſheweth Minutes, Seconds, 
c 

Watch part. Clock. part. 
9990 10) 80 2 
n 10065 
8)60- we 677 9054 1 12 pins. 
7056 — 352 if 
— 5)60 Doubl:Hoop 

1 | $50 


ee 
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Here iht tlird Wheel zu che Pin- 
wheel, which alſo carrieth the Pinion 
of Report 8, 9 the Count- e 


2. 5 
| Or thus. - "GIS n 
Watch: part. | ren | 
80 67144 
76 26 pins 
8, 60 48)48- 6972 6/78. L 
do 62001916 bar |5)1DoubleHoop 
— 16060 
30 %%-Y gil 


7 155. A piece of 13 weeks, with Pen. 
ulum, Turns, and Motions, as before. 


Jn The Watch. part. 8 

el. 6 ' Or thus 1 6)72-2 5 

t. 88 6066 

be 060. 48) 48 6072 25 . 972 

. 30 % LN 7 30 5 

s, 72 Or thus. 5) 133 
64 — 37030 6090 — o pins 
48. —.12 pins —24)62 
48 Double hoop | 6972 | 
40 6)60 


sé. A Seven Month piace with Turns, 
2 Fendulum, and Motions, as before. 


D \ 
The 


* 


Turns, Pendulam, and Motions, a 


Numbers for Ch. 


The Watch. The Clock. 
$)60 1.8996 
6} | 8)88 — 27)12 
8048 : | 8)64-—-16 pins Hoe 
6)45-48)48--6)72'% 6)48 Double hoo). 
5/49. att ON | Ve 
30 — 


5 7. 4 Tear Piece, of 384 days, wil 1 « 


before. 
The Watch. | The Clock: 
172108 10) r20 
972 8996 — 3609 
3955 55 78 26 pins 0 
| hee hasen 6)72 Double hoo * 
756 I 6)60 * 
30 | N 


If you. had es the Pinion off 
Report, on the Spindle of the- Pi. 
wheel it muſt be 13)39. 8 

88. A Piece of 30 Hours, pend on 
about 6 inches, 


The Watch. The Clock. ho) 
12948 8048 5 
| _ ; 5 
6078 146978 13 pins 04 
6) 60 "qv 94 
e j | 


15 — 
589. A piece aſ 8 days, with 16 turns 1. 
Pendulun * 


n. X. " Movements. 

Pndulum about 6 inches, to ſhew M. 
utes, Seconds, Cc. 

The Watch. The Clock may 
) be the ſame 
64 —18)48—6)72 with the 8 day 
976 piece before, 
940 The Seconds Wheel. S: 2, 


15 


5 10. A Month Piece of 32 days, with 
une, Turns, and Motions, as 
he 


The Watch. The Clock may 
64 have the ſame 
0018/48 numbers, as 


48—48)48—6)72 the Clock 33. 
945 | 
zo Seconds Wheel. 


1 087 
pid 15 

5 11. A Tear Piece of 384 days with 
* Turns, Cc. as the laſt. 
The Watch part. 

00900 Or thus, with a Wheel leſs, 
$)64 not to ſhew Minutes and Se- 
56 conds. 


948 —48)48 — 6(72 8)96 


end 


9 45 6)72-—36)9 
30 Seconds Wheel. 6)66 © 
6 )60 
rns 15 : 'L * 


lun 


1 


p \ 
5 N 4 . . 
: 
- 

. 

& 8 
* A 

” 1 * 
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cane Wheel. The Dial Wheel is 9. 


6096 , The Clock may have tl 
$)64--6)72 Fame numbers, as the 
P49 er day piece before 5 2. 
; ; 3 * 


— * * 
* 
- * * 8 
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In the latter of theſe two Number! 
the Pinion of report is 36; on the $f 


The Clock part may have the fa 
Numbers; as the Fear: piece before s 
812. An 8 Day Piece, to ſhew t 
—4 and Minute, Fend. about 3 inche 

ong 
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Auen, * the Motion ef the ci 
frial Bodies. | 


8 1. Numbers for the Motion of t 
Sun and 55 See before in Chap. 
Sect. 5. 8 3, 4. 

8 2. Numbers to ſhew the Revolutic ber 
of the Planet Saturn, which conſiſts « lan 
10759 days. 

On the Dial wheel · If you would make 

'5)69 depend upon a whees 


4952 Nn e ina ye 10 
6 1 A 
n 


Note, The lowermoſt Pinion in theſ® 
and the olowing nnmbers, is to be fad 
concentric 1 


Wi. X. Movements. 117 


pncentrical to the Wheel, which is to 

9 ſive the Motion, viz; the Dia wheel,” 
Fear. wheel, or Ec. one 

And it is further to be noted that the 

jjal wheel is here ſuppoſed to move 

hund once in 12 hours. 

153. Numbers for the Planet Jupiter; 
hoſe Revolution is 4532. days. | 

In the Dial wheel. 
448 Or thus, on the Lear bel 

440 * Frog 

4036 


4932 . 
Note here, that the 8070 laſt numbers 


Saturn, may be the two firſt of Ju- 
Ci iter alſo. | 
By the permiſſion of my ingenious 
end Mr Flamſteed, 1 here inſert a de- 
 jiption of Mr Olaus Romer, the French 
ing's Mathematician's Inſtrument. to 
Pp Fyreſent the motion of Jupiter 8 Satel- 
tiger; a copy of which he ſent to Mr 
"oy um feed i in 1679, and is from his own 
caught repreſented in- Fig. 2. 
ke Upon an axis (which turns und | 
yheldee in 7 days) are four wheels fixed: 
yeaſ* of 87 teeth, a ſecond of 63; the 
urd 42; and 'the laſt 28 teeth. On 
zus, other axis run 4 other Wheels (or 
Drnions you may call them) which are 
nven by the aforeſaid Wheels. The 
heſ@iit is a Wheel, or Pinion of 22 leaves 
fixe htiven by the Wheel 87, which carri- 
rich round the firſt Satellite. The 5 
cor 


ert 


le 


0 


. * 
a = N — 
"ah \ 


tellite. The third hath 43 leaves, drif 
ven by the Wheel 42, which carriet 


Sure. In which 


in 7 days. E. F. G. H. are the Sockets 
© or. hollow. 4rbours of. 4 wheels runninę 


Numbers for Ch. M. 


cid i is 32, driven a the Wheel 63 
which carrieth round the ſecond 8 | 


the third Satellite. And laſtly, is thi 
Pinion 67, driven by the Wheel 28 
which carrieth round f the fourth Satel lar 
lite. | lit 

On the firſt axis is an Index, tha 
pointeth to a cirele divided into 16 Pal! 
parts, which are the hours in {evenfſonct 
days. 

On the other axis all the Pinion 
run concentrically , by means of their 
being hollow in the middle. ; whe 

Bit the whole contrivance will be bef 
underſtood by an inſpection of the Fi 


A. B. is the upper Plate of the Inſtru{ 
ment. here 
C. D. The lower Plate. 
K. L. The Axis, or Spindle, on which 
four wheels are fixed, and turn round 
with it, and with the Hand L. onc 


concentrically. 
The hollow Arbor H. carrieth round 
the Fi Satellite p. and belongeth tc 


the Wheel or Pinion 22, before men * 
tioned. | fio! 


The — a G. nh rounq; che 
the Second Satellite ſ. and belongeth * 


th. X. Movements. 
he Wheel 32, which is driven by the 


SW. and E. — * * e ee 
Within all theſe hollow Arbors is 
nother fixed one included, on the top 
which is the Ball (T) repreſenting the 
Planet Jupiter: round which the Sa- 
alites move, repreſented by the little 


haWalls p. ſ. t. q. Or the Spindle with the 
16 Pall 5 may be made to turn round 
venfſpace in 9 hours, 56 minutes, to ſhew 


e motion of Jupiter on its own Axis. 
This Satellite-Inffirument may be ad- 
ed to a Clock, by cauſing the Great- 
vheel or Dial- wheel to drive round the 
Wicbor K. L. once in 7 days. To do 
which there are ſufficient directions 
ven in the preceding Book, and 
therefore needeth not to be inſiſted on 
lere. | | 
This Inſtrument may be of good uſe 
o ſuch as make Obſervations of the 
Eclipſes of Jupiter's Satellites either by 
Wea or Land, to give them notice of the 
ppulſes of every Satellite to Jupiter's 
Shadow. For with purpoſe it might 
be convenient to place a black or blew 
und Plate of the width of Jupiter's diameter; 
- tdſbehind which the Satellites paſling, 
enfſwill repreſent the Immerſions and Emer- 

ions — Satellite and the times when 
unq they happen. 

1 | 54 
| | 
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rheel 63. And the like of the Arbors 
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Numbers for Ch. XC 


4. Numbers for Marz, n Re 
* is 687 days nearly. Re; 
On the Dial wheel? ton 
4)48 The two laſt Nail of 85 
4)40 tum may be the two firſt of 
"9946 A alſo. 8 | 


8 5. Numbers tor —— whaſ: Re 
vetutent is in 224 dayͤs. 
On the Dial wheel. 
4)32 Note, The laſt ddr of Ju- 
4932 piter — be the 1 of Vos 


078 


56. Numbers for lz, whoſe Re 


volution is near 88 days. 
| On the Dial wheel. 
7 4064 oy 2 
Sn 
S 7. Numbers to repreſent the Mo: 
tion of the Dragon's Head, and Tail 
near 19 years) to ſhew the be bipfes of thei 
Syn and Moon. [ 
On the Dial wheel. On the Year-wheel, 
r S 
490 Note, the two lift numbers 
4944 of Saturn may be the two 
1 4 firft of this on the Dial. 
Wheel! 

A8 b tlie placing theſe ſeveral Moti 
ons on che Dial-plate, I ſha!l leave it 
wholly to the Workman's contrivance. 
uly to aſſiſt una little therein, : 

ſhall: 


ch. X. Movements.” 
de ſhall, for the rarity thereof, preſent {he 


da. 


de · Nlepending thereon, as the Day ot the 
the Zodiack, Moon's Southing, Cc. 
To ſhew how compleatly (for that 


Ju- 
age) the Wheel work is laid under the 


Tus 


given the Callibre thereof in Fig. 4. 
Re 


is manner. In the Center ok all, 


loq́; placed on a fixed Arbor, which hath 
ail Pinion: of 8 on the end ot it, which 
theprives both the Solar and Lunar Moti- 

ns, by means af a large Wheel of 288 
el. Neeth turning round upon it once in 24 
ours; which large Wheel is driven 


or of the great-Wheel within the Check, 
ich turneth round once in ih hour. 
he wheel 288 thus turning round in 
hours, carries about with it the 


nion, on the other fide. The Pinion 
10 | G - 


Reader with a ſnort account of the Hamp- 
tor-Court Clock before mentioned, made 
A. D. 540; which ſhews the Þime of 
oflſhe Day, and the Motion of the Sun and 
Moon through all the Degrees of the 
Lodiack, together with the matters 


onth, the Sun and Moon's place in 


Moving-part of the Dial- plate, I have 
hich repreſonts the ſeveral Wheels and 
pmons only, which lye under the Dial- 
late, and drive the ſeveral Motions in 


oth the Dial plate and its Wheelwork 


bund by a Pinion of 12 fixed on the Ar- 


Wheel 37 and its Pinion of 7 Leves; as 
the other ptickt Wheel, and its 


n 


1 * © . 
Co 4 
* _ » 3 
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ths of the ade A another. Wheel 
of as Teeth; which carries round the 

Moon's Ring or Circle. On the oppo- 1 

ſite ſide the aforeſaid Pinion 8 drives 
round the Prickt Wheel, whoſe Pinion 
drives a Wheel bf 29 Teeth, whoſe Pi. 
nion of 12 Leves drives round the 
Wheel 122 that carries the Sun round, 

and the Zodiacal mötters. G 903, „ 
Theſe were the numbers ofthe ; Wheel- 
work remaining in the year 1711. But 
the Prickd Wheel and Pinion was 
taken out formerly, I ſuppoſe by ſome 
ignorant Workman that was not able 
stherwiſe to amen the Clock: but 
- were ſupplied; and the whole Move- 
e 24 in E. bed 10 
rift! Mr in Fanchurch · 
cet, London. $79 THINS: Yo 
$44 a 4102 (VOCAL $5] 


1 -Nuinkersfor-Bocket 25 


tcher 
42014 156i. 1 on.” I ARTIE 82 
Sn Watch ey 80 8 8 with 
12 turns, to ſhew Minutexand Seconds 


the Train 16000. . oth 

1 2 1 10 Th =} 3 170 . 
6096 fi} 5 be Py 1918 * * Pay 
608.2948 2936. ſhe 


6)454 Onuthe Wlieeb [42] on Se 

_ 6)4+:11:cand's hand placed, and on the 
19 ©:Wheel [48Jthe-Minnte hand. 

S 2. Anbther otiithe ſame, withouf 


Minutes and Seconds, to go with onl 
en ell 1 9b! 19410 293 u 
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5 4 pocket wulch & wt Hows, 
. with 8 turns, to ſhew Minutes and Se- 
ut ¶conds, Train as the laſt. 
2512 48 8 
ne eee un + 
le Y - cond Hand. 
ut nga 4 * vil on 1 "mg Tor 
ve⸗ | ark 
a 16 this N 60 6b lang; Z 
cb. you ahi uſe theſs'nurmbers, vis, 

| a1 al No D018 128! + vd esd 1 
| # + 4 ot tit 1 ! 15 nne 1 
N i io 5c i 3 1 15 $o 1 195 255 

eth N. ds Seconds hand- 
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Narben gr, &c. Ch. XI 


8 5. The uſual Numbers of the old 
30 hours Pocket watches. 
8 With 5 Wheels. W ith 4 Wheels, 


n | 632 


— Opt „54 4 91 
dee 6)6s 07 
| 6)42 | $799men » 550. IF 

9236 SED os 

e $44 1 1810 I — 
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15 Naar: 


I any of the Numbers of- het pre- 
ceding Wheels and Pimions ſbould on 

| — the Reader, he may eaſily 
rect them to his mind, by the In ach 
ons in the foregoing part of the Book. 
The way im ſhort is this: Divide the 
Wheel by the Pigian,: and fo find the 
number of Turnzaggprding to the Chap. 
2. Sect. 1. 8 2. Multiply the Pinion you 
likebetter, by this — 4 of Tuens, and 
the Product is the Wheel. Thus in the 
8 day Pocket-watoþ+S 1, if you think v 
the Great-wheel tog large, - you, may 
make it inſtead. of 6096 16, thus, viz 

5 )zo( 16: i. e. chuſi ng the Pinion only 

5, and multiplying it by 16 ( they 

"A Turns) the Wheel will be 80. 
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of: the Gene of -hrono: 
meters, with Tables for that 
aud ther. uſec in W ach wer. 


1 Aving led the Reader throdgh 
- moſt of the uſeſul matters relating 


re · to Glockwotk; to compleat him the 


10th more therein; I Thall -prefent him with 
or · ¶ foine lnſtruments for the adjuſting his 


ary Chronometers, and ſome Tables that 
ok. will be of great uſe either in ts: "a6 e 


theſ or Time: ech. 
Of. the "Equation of Natural FW 


metrical Inſtruments, it is neceſſary to 
be underſtood, that the Days of the 
Tear are not. Albzequal, but ſome are 
longer, ſome ſhorter; ſo that if a 
Clock was ſo nicely ad juſted, as to 
agree exactly with the Sun at the years 
end, as well as it did at the beginning, 
yet would it var at other times. 
The reaſon of which, is part! the Ec- 
centricity, of the Eurth's Orb, by which 
means its motion therein is unequal ; 
* partly the N of the 25 
tik, 


4 


In order to the adjuſting of Chrono - 


Sears i 
C A — * 
my 


E 1s Equation of Tini Cit. Xt 
„ 8 means it comes to. paſs 
| that all pirts of the Ecliptick and 
Equator come not to the Meridian of 
any place at one and the ſame time; 


Y 
| 


I and therefore although we ſhould ſup- 
þ poſſe Barth ö e vt Arches of 


the Ecliptick in equal times all the year 
round, yet would it come to the Meri- 
dian with unequat Arcs of the Equator, 
by whoſe equal Revolutions the Equal 
time is meaſured, ro 
- In meaſuring: therefore of Time by 
the Sun; there are two ſorts. thereof, 
the Zqual, wherein all Days are of the 
fame length; and the Apparent Time, 
which 1s that which is ſhewn by Sun- 
Dials, Cc. The': Variations of which 
two. ſorts of Time may be ſeen in the 
following Tables, for every day of the 
Year nearly enough, although the Ta- 
bles are run out a few Seconds at this 
.preſent ; which I began to correct, but 
found the errour ſo little, that I thought 
it not worth ſo great labour to proceed 
much in it. n | 
For | theſe Tables (which I examined 
by the Originals) the Reader, as well 
as my ſelf. is obliged to that great 
Aſtronomer Mr Flamfleed, who was the] 
firſt Man that folly demonſtrated and 
al 4 
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Tables pag. 126, 
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9 2114 479 51 
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1 tion. of Time. 
.- Theſe. Tables need but little expli- 
cation. ¶ you would. keep your Watch 
to the Middle or Equal motion of the Sun, 
it muſt. go ſo many Minutes and Seconds 
faſter or ſlower than the Sun-Dial, as the 
Tables ſhew. But if you would keep yout 
Watch te go by the Sun. Dial, you may 
conclude it goes well, if it looſeth or 
gaineth every day, ſo many Seconds as 
you will find in the Table. Thus (for 
example) Fan. 1. in Leap qsar, the Watch 
ought to be 8 min. 47 Sec. faſter than 
the Sun Dial: on Jau. 2. it ought to be 
9 10”, Ce. If you would 06 on 
the ſame days, whether your Watch 
goes well, when-kept to go-by the Sun- 
dial if ſet on Jan. 1. it hath:gaingd on 
Jan. 2. as much as 8 47“ wanteth of 
9 10. viz, 23" you may conclude your 
Watch goes well. Otherwiſe you muſt 
ſerew up, or let down the Bal or Cor. 
rector, until it Ioſeth, or gaineth accord · 
ing to the Equation Tables. E 
The Tables will ſerve for many years, 
being made for Brſextile, and the 3 
years following. Therefore, knowing 
the Year, you may find what Table 
ou are to uſe all that year, whether 
Leap-yeat, or any after it. 
Buy reaſon of the Refractions, or 
ſome errour in the Sun Dial, it may be 
convenient to compare, or ſet your 
Watch at ſome certain hovr. of the day. 
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Noon 
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ſee 
when the San is eaadtiy South, becauſe 


. 


1 
108 


ee 


| Tims RU | 
Noon is a abol'ticke forte; f. — 
a nice Meredion lins, or any Whyte 


che time of tlie Day ib ndt at all then 
varied by the Nefractihns, in Ditls 
that etna made: T Tt 77 l: Ad! 

Having conſidered the Equation # 
Time, 1 1 next ſHew" ſome ways of 


king fi Altitalles of the Sun, and 
Fixt Stars, I ſhall paſs. by, akhough'it 
be one of the Tire eto, becauſe 


It would be neceffary” for: me to:launch 


one” into Trigonometry, ©. for it. 
But 1 ſhall lay down ſome other me- 
thods that may be ſufficient for tlie pur: 


1 25 5 » #- 


To fad nike, Tü, 5 


| This will pe of good: uſe becauſe i it 
may happen that we may be at 
Place, where there is no Sun Dial, 2 
not one to be relieg upon; or ind: 
where we have a good one, it ma 
be very uſeful to have a: Meridian 
Line. For the. finding of which ther 
; are divers ways, but I Lal they vol 
two. | 
I he fiuſt is, draw one or more Circle 
on ſome plain, as on the bot tom of 


The way to do it by ta- 


M 


ell Souther | 


Ic. u. . Time Inſtruments. 


Southern Window. (or you may make 
the Center on the Southern edge of 
the: Window, and draw: only half cir- 
cles.) Hang up a Fhread and Plumbet 
exactly over, or in the center of the 
Circles. By a Bead or two flidigg up 
81 and down the Thread, mark ont exact- 
of ly the point of the Circles, touched by 
+. Ihe Shade of the Brads in ſome of the 
0 Morning Hours (the longer before 
Th Noon the better.) In the Afternoon 
(| When the ſame ſhade of the Beads tonch- 
5 5 eth the circles, mark that point, or points 
* alſo. A Nne drawn, thro' the Center, 
Jand in the middle, between theſe two. 
ne. points in the Circle, is the Meridian- 
"0 line, or nearly ſo. 
I. If you can t hang up a Plombet, a Pin 
- I et exactly upright will do ihe matter: 
Another and: better way, is by the 
Fol far, when it is ng upon the 
Meridian. Or if but near ſo, the error 

t 4 You may find the time when the 
o Pole-ſtar- comes to the Meridian, by 
ed ſubſtracting the Suns Right Aſcenſion 
nay from the right Aſcenſion of the Pole 
lian ſtar,” and turning the Remainder into 
her hours, minutes and ſeconds, allowing to 
nl; every degree four minutes of time, 
hereby you will have the Apparent 
cle] time, when the Pole · ſtar comes on the 
* Meridian above the Pole. I ſcarce need 
he 2 


r Time dyfranients. 


rev betwem twa boards, or plates 
bf Metal, almoſt touching one another. 
But. much the beſt way! which E haue 
yet thought of}: and-whiclt is exceed ing. 
nice, is with: the anſtrument, Fig. 3. 
hich is thus made. At each end of a: 
[ oard,or rather ſmall flat Iron-bar'( K&B.) 
1 o uprigꝑht ſights: one with a very 
mall Hole (a. b) to loak through to the 
dun z the other (c. d) withi a larger hole, 
Fo look at the Pole - ſtar. Not far from 
* he Sights, on the ſame; bar, fix. tuo 
rms (CD, C. D) to bend off, ſo as to be 
15 out of the way of theSights,:when your. 
look. through them. On the top of 


ne \ 


* UVogd; to turn with a joynt at D. whith 


inxlred is to bear the Plumb-lines (E. F.) 
theland to turn backward and forward, fo 
bylas to bring the Plumb : lines to the Sights 
ok at any time. Place this inſttument vn 
he ee (G. H.) to. tuen round on id! 
* . Your inſtrument being thus prepard, 
77 plant it in ſome convenient place, 
i” I where you may fee the Pole; ſtar, by 
night, and the Sun by day. When the : 
onl Pole. ſtar is on the Meridian, Jook thro! 
wol the Sight with the bigger Hula, and 
„turn the Whole inſtrument about until 
1. Ven ſee the oppoſite Plumb» line inter- 
hell lee che Pole. Har. Take careut the ſame 


W 


þ al tine, that the Plumb- lines hang ſo 2 


* 
; ' | : ; t 
* 2890 0 
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Dime Inſtruments. Ch. XI. 
to interſect the Sights. Tour inflru- It 
ment, thus plac'd, Handeth nicely on the 
the Meridian, ſo as to ſee when either 8 
Sun Moon or Stars come thereun. flint. 

When you look by night, tis neceſ. | - 
ſary that a Candle ſhould ſhine on the 
Plumb- line, that you may ſee it. 

If you look at the Sun, you mult 
guard your eye againſt the Sun beams 
with a coloured Glaſs, or one blacken - 
ed with the ſmoke of a Candle. BYE 

had almoſt forgotten, to ſay that 
it matters not much what length the . 
bottom piece, A. B. is of (but the long: . 
er the better) provided that the Plumb- wi 
lines are high enough to ſee the Pole-ſtar, F 
and the Sun in the Summer Soltice, Þ:* 
or any time of the Year. If the bottom 
piece be 2 feet long, the Plumb-lines 
had need to be near 4 feet. 


This inſtrument is very ſerviceable 3 
to ſeveral purpoſes: particularly 1. To [** 


ſee the Sout bin of the Sun, or Moon: Pe 
which you may do with great exa&neſs. ler 

You may ſee nicely when the very edge 
of the Sun or Moon toucheth the Me- 
ridian, and whilſt all their body is paſ- 

ade d fo, er 152) 


2. You 'may ſee what Stars are, at 0 
any time, on the Meridian, either 1e 
g | i he 


Northward or Southward, and ſo find. 
the hour of the nigfit. To de which |['* 
hen any Star is on the Meridian Sub- f* 
r 3 track 


” 


raft. ihe Right Aſcentian.of ile Sen from 
of the $ r, the Remainder 


the R. Aſc of the 


ue your Meridian. line for many Miles, 


if e by looking thro either 
91 x 1 0 1e | 


and ſeeing what gbjiects 
Plumb- lines intexſec rt. 
4. If you would be ſtill more nice, you 
may apply a Teleſcope to this Meridian Iu- 
frame, by placing, for the Eye fh, 
a Convex-glals, of a convenieüt Focus- 
at a; due diſtance. between the Plumb-. 


- 


Iine and either Sight, To as thro the Sight, 


o ſee the Plumb-line thro the Convex- 
laſs:(or Eye · glaſs.) And at a convent«- 


Int diſtance from the Inftrument , 


lage another Convex. glaſs for ihe 
Object. laſs. 9910 F 411 au Kc n 
ul am not mich miſtaken. this 
eridian Iuſtrum ut maß as well (and 
being made Teleſcopulous) much bet- 
er ſerve the deſign of trying whether 
he Meridian differeth or not ; which 


-Jome have <xperimented with more 


rouble and expence than this Inſtru- 
nent comes to. 

6. This Inſtrument is very eaſily 
roupght to the Meridian. For whe- 


her it ſtands upright, aſide, or any other 


"ay, till the Plumb.lin-s may be 
rought eaſily to * due place. 
| | 8 


. . geb 5c 0 4 24 
Lou may with al] exactneſs conti- 
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| This Inſtrument i is prepared with 


ins coſt or trouble; it may be carried 
from place to place; or imitated where- 
ever there is occaſion to correct either 
Sun Dial or Watch. 

This Inſtrument may be ud im- 


roved by Mr Der bam in the Philoſoph, 


au. Nr. 29 f, together with a Cut ſheu- 


ing when the Pole-ftar | comes to the 
eridian.. 


IT would profetit the onfkilfal Reader 
with a Table of the Appulſes of the 
pole ſtar to the Miridinn; but it will 
hold for fo little a time true, that it is 
not worth the while. by | 


The way to govern a Clock by the Fixt Stars, 


- Monſ. la Hive in his Tabule Afron.l 


' hath given us two Tables of the difference 


between the Solar and Sydereal day. 


The latter and moſt correct of which 1: 
= e 1. 


. 
$3 + 
* 0 , 
# 


MEE Py 5 wr© 
* 

” 1 7 * 6 : * 
n A Tabl 

. % ” 

6. = 
* 4 A py a 2, 4 | 
* U * 0 4 : \ 21 


Ch. XI. Time, Tables. 


4 "P W I”, #5 4 
anal Ra ihe tn} ci 


nm 8 * 


* 


— 


ts. i. 4 


wy Table” ſhewing ho | 
Solar 1s longer than the Sydereal 


w much the 


9 


> * * 1 f l 
7 
Re. M S 
* » a * , $4 f 4 * 
1 \ 
” | ai . 


Re] H N 8 1 


3. 55.53 
7. $1.49 
11. 47 4 
15.43.33 
49.32 26 


7 — 
+ v9 5 2 


6423. 35-19 
5 27.31.12 


1143.14.47 
77. 10.38 f 
51. 6. 32 
55. 2. 25 
58,088.18 
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116 


117 
18 


1 
1 
I. 
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50. 


45. 58 
41. Fr 
27: 44. 


8 
Ov 


33. 37 
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_ Explanation of the Table. 
This Table ſhews 'h&w much the 
Sidereal goeth faſter than the Solar day, 
in any number of nights for a month 
80 that obſerving by your 
che nice time when any fixed Stac 
opmeth to the Meridian, er any other 
point of ile Heavens: it after one Re. 
volution of that ſame Star to the Gm. 


. 


Watch 


Time Tables. Ct. XI. 
point, your Watch goeth 3“ 56. flower 
than the Star; or after two "nights 7, 
31”; or 16 nights, 1 hour 2, 54% ec. 
then doth your Watch keep time rightly 
with the Mean motion of the Sun. II it 
varieth from the Table, you muſt alter 
the length of your Pendulum to make 
it ſo keep time. 

For obſerving the time when the Star 
cometh again to the ſame point of the 
Heavens, you may make uſe.of your 
Meridian Inſtrument laft deſcribed: ;- or 
if you would be more exact and nice, 
you may make uſe of a Teleſcope, ſach 
as is vſed for the Sights of Quadrants, 
Ec. which conſiſts commonly of an Ob- 
ject, and an E ye Glaſs, with croſs-hairs 


m the common 187 105 both Glaſſes. ! 


HFlaving obfrved w his Teleſcope 
the Tranſit 6f 155 UP Star'crofs'the 


Hairs, leave the Teleſcope in that 5 


poſi tion untill as many Revolutions 
of the Star are 


ed to take notice of. 


1 qd ee bf 


O the Time“ of the Day herr by: Sun-l 


Dials. 


Foraſmuch as * hs Reffackons 
tlie Sun appears lieber than really he is 
therefore all Sun- Dials which ſhew the 


mind- 


Houc by the Sun's height, go not exact 5 


ily true. The quantit of which” is 
thewn in this Table. K 


f 


oh, Xl. 
ATable fhewing the Variations made in the 


* 
Fs 1 5 
0:33.00! 38 
123. $9; . 
217. 000 31 4:'1 
313.30 1 N 
11.30 40 
9.300 33 
47:30]: ELF 
1 Þ J. od Tr. { 1461 2 
8 6.0 g 10 39 „ 8 J 
:1294:5.00] ol 36090 34 29 
10 440 025} $; 29 2A 


ferent ſeaſons of the year, nay — 


e e ound che Refra 


Tables, of Time 


true Hour of the Day, 25 the Re 
the Sum in the Equito 


actiounf 


both the 


naut. pon i. Ibn abet 1 

5 Hoek A 42 {_.cnoitg ies 
Te RefraQions, .zltho-iin.the;T able 

1007 are the ſame, yet do differ at dif- 


according to the 1 of 
the Air ſometimts. in the ſame oy 
8 


in February very different from thoſe in 
J April and it Mbhlewved; that the Re- 


fractions are commonly greater, Iſha 
the 


Time Tables, Ch. XI Cl 


| che Mercury I highen 40 jon Banger. 


ter: War 
The Table ROE way doth "not ſhew 
| * the Refractions always ate, but 
only about the middle quantity of them 
at eve! bh V4 19 firſt of the 
Sun's altitude bn 
ca calculated the: vatiations £ hereby Made 
in the hour of the day 186 
Theſe variations of the "hour are great. 
er or leſſer, according as the angle of 
the Sun's dibrnal motion is acuter with 
the Horizon The Gore ng is plain; 
becauſe as the Sun appears by ref action 
higher than really he is; fo that falſe 
height doth affect the hours in Winter, 
U than the Summer halt vear. 
There is no Ray indeed of-t e Sun, 
but wn cometh! refracted to à SÞn- 
dia}, and conſequently , -there is no 
Dial but what goeth more or leſs falſe 
(except at Noon in Dials that caſt a 
Shade, where the Reſraction makes no 
variation. ) But the Refraction decreaſ- 


eth space, as the Sun gets higher; and 
cauſeth a variation of not above half 


à minute at 10 degrees of the Sun's al- 
titude; 1 when the Sunn ig ib, or 
near the Squthern Tropic! Negzer 
than half a minute, tet common Fun- 
dials ſhew: the time. And therefore I 


have calculated 1 Table to only 10 


$% Is 


* 


degrees. mn Io = 


$ 


— 


a0 .-- 
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Time Tablet. 


The Table needs little explication— 
For having the Sun's height, you have 
againſt it, in the next Column, the 
Nelraction; and in the 3 next the al- 
terations of the hour, at 3 times of the 
year. Taking thereſore by a Qua- 
drant the San's altitude, 7 obſerving 
at the ſame time, the hour of the da by 
a Sun dial; by the Table, yow ſebhow 
many mintues, and ſeconds, the Dial 
is too faſt, or too ſlow; ' As at the Sun- 

riſing a Sun-dial is too faſt, or tooflow,' 
4. 3, about June 12, and 3320 
about Mar. 10. and Sept: 125 Ws 
38 about Dec. un Int 


4 Table oft the Parts of . 7; ime. 


Since: in Calculation theils is . N 
occaſion to make uſe of the parts of 
Time, I have added the following Ta- 
ble, which at one view exhibits the 
Parts of Time, 3 u er 
eee 12 1 „ 


- 
* 4s fs . 
Fix £15 — 24 * 
4 : * % * 2 SS Þ 
— 


, 


221 


This Table is eafly und erſtochl. For 
in tlie cancurrence of the Squares id the 
quantity inf he: Time ſet ove, ot a- 
gainſt each Square. As for example 3 
ina Minute are 60 Seconds: in an 
Hout are 6 Minutes, and 3600 Seconds x 
in a Leer are 3155 Kc. Seconds; 325 
&c. Minutes, &. So that if we 

would r eadily ſee what nu mber of 8e. 
couds are in a Lear ( for Inſtance) un- 
der Seconds, - and againſt Tear, is the 
numder ſought. And ſo of the reſt. 
But here it is to be nated: that the 
Seconds, Minutes, and Hours in an Year 
are the true numbers, :accofding;to the 
before commended Mr Flamſteed's deter- 
minat iam of the Length of the Year, 

vix. That the Year is 365 days 5 Hours 

39Min. and no Seconds 
If you would know any number, where 
an odd number is to be added, as the 
Seconds in a Month and one Day, add 
the Seconds in a Month, and the Se- 
conds in a Day together; and the Sum 
is the number ſought, which is 2678400. 
And fo for the reſt. -Sthr622Y] 
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